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Abstract

Leukaemia represents the second type of the ten top most common cancers in Sudan,
and acute lymphoblastic leukaemia (ALL) is the first malignancy of childhood cancer
in Sudan. This study aimed to study the genetic plymrphism of N-acetyltransferase-2
(NAT2) {TagG590A (rs1799930), Dde A803 (rs1208), BamH1 G857A (rs1801279)
and Kpnl1C481T (rs1799929)} and glutathione S-transferases (GSTT1, M1 and P1).
And to investigate the haematological picture and to determine the frequency of ALL
phenotypes. Has been associated with acute lymphocytic leukemia (ALL) in the
different regions of the Sudan. The blood samples are collected from 300, people of
whom 150 were patients arriving to Khartoum Oncology Hospital (KOH) and the
remaining 150 were healthy matched volunteered controls. Were genotyped for GSTs
and NAT?2 in the study from 2015 to 2018. Sequence technique to PCR product for 55
(NAT2/547bp) patients and controls samples and also 11(GSTP1) patients samples by
Sanger Sequencing (BGI TECH SOLU TIONS (HONGKONG), CO. China).
Bioinformatics has done using various publicly available soft ware's (Sift, PolyPhen-
2 | Mutant 3.0, and Chimera)the effect of each SNP was predicted.

The mean age of all subjects was 13.6 years. Their sex (63.8%) males and female
(36.2%). The incidence of ALL among the adolescent group (7-18 years of age) was
slightly higher (41.2%) than that registered among children group (1-6 years) (32.2%)
and elderly group (>18 years of age) (22.6%). The majority of ALL patients showed
‘B’ immune- phenotype (75.5%). Afro-Asiatic linguistic ethnic was the most popular
group (72%). According to residence, the high frequencies were reported in Khartoum
(22%), Kordofan (17%), AL-Jazira and Darfur (~12% each). A significant association
between affected tribes and disease frequency at states (P=0.000) was reported. The
mean of the complete blood count parameters of ALL patients after treatment
(Hb=10+1g/dl, RBC=4+1x10°ml, HCT34+1%, PLT 269+ 125x10%L) was signific-
antly lower (p =0.00) than that in controls (Hb= 12+1g/dl, RBC=5+ 5.2 10° /
ml, HCT36+3%, PLT 353+8x10%L) and the other parameters (WBC=19+51x10*/ml,
MCV=84+12fl, MCH=28+2pg, Blast= 8+21%) was significantly higher (p=0.00) than
that in control (WBC=7.6 +2x10%/ml, MCV =81+3fl, MCH=27+1pg, Blast=0.00%).
Regarding genetic analysis, the risk of ALL in patients with GSTT1 null genotype was
not significant (OR=1.23, 95% CI1=0.74 -2.0, P-0.44). The GSTM1 null genotype was
significantly higher in the ALL group (79, 60.3 %) compared to controls (52, 39.78%)
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and increased the risk to ALL by about two folds (OR= 1.72, 95% Cl=1.1-
2.7, p=0.03). The frequency of GSTP1 genotypes was also significantly different
between the two groups (P=0.000). AG, GG and AG+GG genotypes were found to
increase the risk of ALL by more than three times (P<0.000) compared to the AA
genotype. Allele frequencies were also significantly different (P= 0.001, OR= 1.79,
Cl=1.247-2.58). In bioinformatics results for GSTP1, (lle/Val 105; rs1695) SNP was
deleterious and probably damaging by using SIFT and Polphen-2 software,
respectively. The protein of GSTP1 changed from isoleucine to valine at codon 105

by the Chimera prediction software.

The NAT2-Tag G590A (rs1799930) genotype was significantly different between the
two groups (p=0.01). The AA and AA+AG genotypes were found to increase the risk
of ALL by about two folds (P=0.01, 0.03, respectively) compared to the GG
genotype. Allele frequencies were also significantly different (P=0.00) between ALL
cases and controls. The Dde A803G (rs1208) genotype was significantly different
between the two groups (p=0.02). GG genotype was found to increase the risk of ALL
by more than two times (p=0.02) compared to the AA genotype. Allele frequencies
were also significantly different (OR=1.16, 95% CI=0.77-1.74, P=0.01).The BamH1
G857A (rs1801279) genotype was significantly different between the two groups
(p=0.00). The AA and AA+AG genotypes were found to increase the risk of ALL by
about three times (P=0.01), compared to the GG genotype. Allele frequencies were
also significantly different (P=0.00, OR=1.9, 95% CIl= 1.3-2.84). Regarding Kpnl
C481T (rs1799929) genotype and allele frequencies, they were insignificant different
between the two groups. The additive model exposed that SNPs with a significant
association with ALL were Tag G590A (rs1799930) and BamH1 G857A (rs1801279)
(OR=1.5, p=0.01). Sequence analysis (Multiple Alignment) shows changes of
nucleotide from C to T at Kpnl C481T (rs1799929) SNP and from G to A at Tag
G590A (rs17 99930) and BamH1G857A (rs1801279). In bioinformatics analysis, the
Tag GB590A (rs179 9930) and BamH1 G857A(rs1801279)ware predicted as
deleterious, probably damaging and decrease protein stability using the Sift, Poly-
Phen-2 and | Mutant 3.0 soft wares respectively. Project HOPE showed that the three-
dimensional structure of proteins was changed by homology modelling server from
arginine (R) to glutamine (Q) at position 197 (rs1799930) and 64 (rs1 80 1279).
Regarding the two other SNPs, they have no deleterious effect with the same
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software. The study concludes that, ALL among Sudanese children shows male
predominance, with significant different males in haematological parameters than
unaffected children. The more affected age group with ALL is 7-18 years, and B-
phenotype represented high-frequency rate. This study indicates that GST (M1 and
P1) and NAT2 (Tag (G590A), Dde (A803G) and BamH1 (G857A) mutant genotype
exhibit significant association with the risk of developing ALL among Sudanese
patients. The Western and Central Sudan recorded the highest rates of ALL. Most of
ALL patients are from the Afro-Asiatic ethnic group.

\41



oaliiuadl

) b s yiing s e sudl B le sud SV Ul ) ¢ 5 5 e (e Al A5 ) aall Gl s Jing
O Al A s (e il Caagll LS o sl JY) Algilall gl g4 JUkY) dieslall s gliall
WAV and 230a3 (T 5 B) e lzad) daalll LAY i Lgtias g dial) ja) shall Ao 55 ¢ JalSl aall BY e
GSTs (P1,M1 and T1) 5 (NAT2 rs1799929 rs1799930, rs180 and rs1279,: Jis 4ual
sl ALY 5 (5 e o agm )5 s pelild o) gl 5 Al (g siall aall s ia pe Leleay A

o g3l ol il Al (g slaalll aall sy (e el (e de 150 ¢ @2 Aue 300 Camen
< ahall asaa g aall el Qs e Jidail) (8 5k calaidd (e shae (80 150 5 222V 230l o 5k )2l
sl & (DNA extraction) ssil adall aliiue aladiu NAT25 GSTs cluall I 4l
115 shadls Al o L 55(NAT2/547bp)  delas ) &LVl | 2018 V2016 ol
{BGI TECH 4S,& Giyh oo sl dulidl Gk e pasd e (GSTPL) 4ae
Sift,) s sl (me daiid & LS SOLUTIONS (HONGKONG). CO.China}
Ao gal) Aola slaall (83 5k e Jidssll PolyPhen-21, Mutant 3.0, chimera and databases)

sl el el s 4au13, 6 slee¥) T sias, (% 63.8 ) LsSY e (oasall B ) Al Al el
>18 years of ol s dis (%32.2) 46 - 1 e JELYL & jlia (%41, 2) 4 18 -7 Cuvle a2
@ 1A Sl 81 e (%75.5) (B) WAL dialls jallall o sleay ubiadll alaxs (age) (22.6%)
Soaals (17%) oSV éa S5 (22%) asboall Y5 o w2l &pedal (72%) (2oad) Goall ld
ABle Ly salall 4 el LasS gy Cbiaall (e dpus o) Glas bea (B (~12%) s SY 8o
LS sl Cpabaall JASH aall jlas o gia s (p=0.00) Al gud) Jdl) (a0 (ia yall aa Sl ) 50
adll iy S et Ja sie ((10£10/d1) pll lad Jass sie dad VIS 2 3all agdlextinl 2ay salal) 4 laall
(269125 X ) disedll milicall saed dav sia (3421%) Dla) lad 35S 55 dan gia (441X10%p)
Glad b ie el L sia o ae & (p=0.00) 8 slall (5 slaalll ) e JSU10%/L
Lo i (3623 %) LAY (35 daws gia ¢(5:45.2X 10%/p1) aall il 58 as3 Jaws 5ie (1241 g/dl) o
WD ass bausie W o(p=0.00) dibas) ANs 53 38 (X10%/L 353+8) dysedl milacall daxs
Aot b i ¢(%054217) Aballl WIAY Lo Jasigie (2842pg) Adal Clad daugia «(84+12fl)
ad o) o yd) 53l (19451X10%pl) slandl pall il S e Jass gin s (8221) % s el DAY
LAY A Jaw gie (274 1pg) 4dal Clad b gia «(8123fl) LAY ana Jaus gia ¢« jlaally 45 )ladlly
oasads (p=0.00) dtbas) V2 3 Gk (0.00%0) i yal) LAY dai Jans 5ia 5 (394 9%) diall
(OR=1.23, 95% CI=0.74 - o) Je 2y 580 4l Gl (GSTT null) ¢ o) Slial) it
A&l (79, 60.3 %) Cwbad) sd Alle 4wy 35a 50 (GSTML null) s W 2.0, P-0.44)
O Ly 5 (OR=1.72, 95% CI=1.1-2.7, P=0.03) Llasl Vs 53 (3,5 (52, 39.78%) Lbmally
5AG, GG ) sl Lkl (P=0.000) el 4 )ady oia yal) s ddle iy 352 50 (GSTPL)

VI



AA (P=0.000) sl 3kl &Edl ol je N Jarar (el Ll o 33 (AGHGG
P=0.001) OR=1.79, Cl= 1.247-) {&las) A3 53 34 el Jlaall s Aladl G SV 20 53 Liad
aladig el dilesledd B yh e (GSTP1)(Ile/Val 105; rs1695) s skl Jiasl) vie (2.58
paslall i chaal s gl (psS Je jla 580 Wl o) Gogkl (Polphens SIFT) iy < sl
.(chimera prediction software) 233w codonl05) adsell & cplld I o sd g (30 SV
(p=0.00 _lsall s Dl (s 58 ekl (NAT2 -Tag G590A(rs1799930) crall (sl ikl
43 (P=0.01,P=0.03) i ey o yull laly 86 a1 (AA+AG 5 AA) Sl kI ol
Skl P=0.00)thas) AV 53 353 4l el s A G AV 20 5 s (GG) Sl ikl
A4 GG Jkl o5 (P=0.02) sbds Al (u (3,8 sl Dde A803G (rs1208) crall il
A el s Al G JVI 20 5 s ((AA) Skl A jlae JS1y (48 e e (e jully ALY 80
sl okl (OR=1.16, 95% CI=0.77-1.74, P=0.01) leas) aNs 3 G
SAA Lk G5 (P=0.00) bl s Al g 58 ekl BamH1G857A (rs1801279) cual
25 U (GG) Jhlh okl (P=0.01) S|y i e Jlaiay gl jually Lol 5350 4 AA+AG
Skl (OR=1.9, 95% Cl= 1.3-2.84, P=0.01) Jtas) a¥a 53 34 A jlamall g Al o JaY)
Ao 53 G Al Gad Jbady Al G JIY) 2355 KpnlC481T (1s1799929) cuall il
il agd (B ikl il Tag G590A (rs1799930) and BamH1G857A (rs1801279) . sbas
(OR=1.5, p=0.01) wa b ALVl 5 58

Kpnl C481T ¢« T & C  _s3 (Multiple Alignment) Gisb g Sl Julidl) el

A at Tag G590A .(rs17 99930), A BamH1G857A ) G o= (rs1799929) SNP and
Sift, PolyPhen-2 and | Mutant 3.0 alaiies 4 gl 2la sleall (33 5k e il die (rs1801279)
86 ad (((BamH1G857A rs18 01279) 5 TagG590A (rs1799930) wxisikl ¢ (software)
uadall ud Projec HOPE selils il je daa Lo g mfitall gl JSG (8 )00 Lad 5 sl
vasady J sl Je oo ,ihll 645197 fdsdl e glutamine (Q) ' arginine (R) oo (ixeY!)
SN G L el (5 AY) @l ikl

die bl e 38 Led SV Gy 583 (e agadinae (5 sialll al) (o s (i e O () Al A Cuala
A (B) Gl R () 5 4 7-18 o el Bl A Baa 8 S o) 5 agd JalSD p) s
Tag G590A (rs17 99930), Dde ( P1 s GST(M1null ) <liall il 3 yhall o) 5l gad <Y
G sialll a2 Gl Gigaa L5 4l NAT2{BamH1G857A (1s1801279 s AB03G(rs1208)}
|G Bl S ey prapall |l Shlidl JSI (e o sedl e g das s im0l seall sl alad)

csionl Gl s i



LIST OF CONTENTS

Content Pages
Declaration I
) I
Dedication "
Acknowledgement v
Abstract \Y
PURECIN VII
List of contents X
List of tables X1V
List of figures X1V
List of abbreviations XVI
Chapter one: Introduction
1.1 Introduction 1
1.2 Hypothesis 3
1.3 Rationale 3
1.4 Objectives S
1.4.1 General objective 5
1.4.2 Specific objectives 5
Chapter two: Literature Review
2.1 Background 6
2.2 Clinical presentation of acute lymphocytic leukaemia 7
2.3 Classification of acute lymphocytic leukaemia 7
2. 3.1 B-lineage acute lymphocytic leukaemia 8
2.3.1.1 Pro-B ALL 8
2.3.1.2 Common ALL(c-ALL) g




2.3.1.3 Pre-B ALL

8
2.3.1.4 Mature B-cell ALL g
2.3.2 T- Acute lymphocytic leukaemia classification g
2.3.2.1 Early T-precursor ALL g
2.3.2.2 Thymic (cortical) T-ALL g
2.3.2.3 Mature T-ALL g
2.4 Diagnosis of acute leukaemia lymphocytic 9
2.5 Biology of Philadelphia Positive ALL 9
2.6 Survival 9
2.7 Age Differences 9
2.8 Possible causes and risk factors 10
2.8.1 Genetic factors 10
2.8.1.1 Glutathione S-transferases (GSTs ) 10
2.8.1.2 N-acetyltransferase 2(NAT2) 12
2.9 Major environmental risk factors 13
2.9.1 Radiation 13
2.9.2 Infectious diseases 13
2.10 Cancer in Sudan 14
2.1.9. Ethnicity and tribes’ groups 15

Chapter three: Materials and Methods

3.1 Study design 17
3.2 Study area 17
3.3 Study population 17
3.4 Inclusion criteria 17
3.5 Exclusion criteria 17
3.6 Sample size 17

Xl




3.7 Blood sample collection 18
3.8 Data collection and analysis 18
3.9 Age groups 19
3.10 Ethnicity and tribes’ groups 19
3.11 Ethical consideration 19
3.12. Laboratory methods 19
3.12.1 Hematological tests 19
3.12.1.1 Sysmex KX 21N 19
3.12.1.1.1 Principle 19
3.12.1.1.2 Method of complete blood count 20
3.12.1.2 Flowcytometry 20
3.12.2 Molecular tests 20
3.12.2.1 DNA Isolation 20
3.12 .2.2 Polymorphism analysis 21
3.12.2.2.1 Genotyping of GSTP1 gene polymorphism 21
3.12.2.2.2 Multiplex (PCR ) GSTM1 and GSTT1 Genotyping 21
3.12.2.2.3 Genotyping of 26 NAT2 21
3.12.3 Sequence Technique 22
3.13. Bioinformatics analysis 22
Chapter four: Results
4.1. Demographic data 24
4.2. Characteristics of cases and controls 24
4.2.1. Hematological examination results 24
4.3. Molecular results 25
4.3. 1. GSTM1 and GSTT1 polymorphisms 25
4.3.2. GSTP1 polymorphisms 25

X




4.3.3. Regression test 26
4.3.4. NAT2 polymorphisms (rs1799930 rs1208, rs1801279 and 26
rs1799929)
4.4. Bioinformatics results 27
Chapter five

Discussion, Conclusions and Recommendations
5.1. Discussion 39
5.2.Conclusions 46
5.3. Recommendations 47
References 48
Appendices 65
Appendix 1: BioGRID software results show GSTP1 interaction 65
within other genes
Appendix 2: Functional interactions between NAT2 and related 66
genes using GeneMANIA software
Appendix 3: Distribution of extremely damaging mutations SNPs 67
(red color) in NAT2 protein domains using Mutations3D
Appendix 4: Ethical clearance 68

X111




List of tables

Table Name Pages
Table 3-1: Details of primers (forward and reverse) restriction enzymes and | 23
product sizes (Both before and after digestion)

Table 4-2: Demographic data and ALL-subtype distribution in the study | 28
population

Table 4-3: Linguistic classification of Sudanese ethnic groups included in| 30
this study

Table 4-4: Haematological parameters between ALL Sudanese patients and | 31
healthy control group and correlation with GSTM1 and T1 genes

Table 4-5: GSTM1, GSTP1 (rs1695-Exon5), GST T1 genotypes among acute | 32
lymphocytic Leukaemia patients and controls

Table 4-6: Association between GSTT1and GST M1within the studied ALL | 32
patients

Table 4-7: Binary regression for risk factors of ALL among the studied | 33
patients

Table 4-8: NAT2 genotypes in healthy controls and Sudanese's ALL patients 34
Table 4-9: Association of NAT2 polymorphisms with acute lymphoblastic | 35

leukaemia among Sudanese's patients

X1V




List of figures

Figure Name

Pages

Figure 2-1: Amap showing the distribution of different linguistic groups in

Sudan

16

Figure 4-2 : A map of states of Sudan, showing the distribution of ALL cases
attended Khartoum Oncology Hospital during 2009-2016

28

Figure 4-3: The numbers of ALL patients distributed according to age -5 years
interval. Note the beak at ~1-10 years old

29

Figure 4-4: The number of ALL patients distributed according to gender. Note

the female gender was not reported in more than 20 years’ age group.

29

Figure 4-5: Relative frequencies of ALL of AfroAsia- tic Sudan ese ethnic

group

30

Figure 4-6: Analysis of GSTM1, T1 and P1 polymorphisms by multiplex PCR.
Lanel: DNA molecular weight standard; Lanes 2, 5 and 11: GSTT1 (480 bp)
and GSTM1 (219bp) homozygous present; Lanes 3 and 6 GSTT1 and GSTM1
double Null genotypes (homo zygous deletion, only the B-globin product (268
bp) is detected). Lane 7 and10 shows an individual with GST M1 but GSTT1 is
Null. In lane 4and 9, GSTM1 is Null, while a GSTT1is present

31

Figure 4-7: The PCR product of GSTP1 (176bp) digested with BsmAl enzyme
cleaved to yield two fragments of 91 bp and 85bp sizes. Lanel: DNA molecular
weight standard (100 bp), Lane: 2, 4, 5, 6, 8 &10: homozygous Wild type
(ile105/ile 105); Lanes: 3 and 7 Heterozygous (ile105 / val 105). Lane: 9
homozygous mutant (val 105 /val 105)

33

Figure 4-8: BioEdit multiple sequence alignment showed similarity of GSTP1
Sudanese cases with ALL when compared with reference sequence

33

Figure 4-9: Bioinformatics analysis of GSTP1 the isoleucine amino acid

converted to valine at codon 105 using Chimera 1.8.

34

Figure 4-10: Tag G590A (rs1799930) digested PCR products of the amplified
NAT?2 region (547 bp) analyzed on 3% agarose. Lanel: DNA molecular weight
standard (50bp), lane 2 is homozygote mutant (392 and155), lane 3
heterozygote (392,222,170 and 155bp) and lane 4 homozygote wild type (222,
170 and 155bp respectively). And Dde A803G (rs1208) digestion on lanes 5 is
homozygote wild type (345 and 137bp), lane 6 and 8 are heterozygote (345,137

35

XV




and 114bp) and lane 7 is homozygote mutant (345 and 114bp).

Figure 4-11: BamH1G857A (rs1801279) digestion of PCR product of the
amplified NAT2 region analyzed on 3% agarose. Lane 1: DNA molecular
weight standard (50bp), lane 2 and 3 are homozygote mutant (547bp), Lane 4 is
homozygote wild type (488bp), and Lane5 and 6 are Heterozygote (547 and
488bp)

36

Figure 4-12:Kpn1C481T SNP (rs1799929) digestion of the NAT2 PCR product
(547bp) analyzed of on 3% agarose. Lane 1: DNA molecular weight standard
(50bp), lane 2, 3, 4 and 5 are heterozygote (547, 433and 114bp), Lane 6 is
homozygote wild type (433and 114bp) and Lane7 and 8 are homozygote
mutant (547bp).

36

Figure 4-13: Sequences chromatogram viewed by Finch TV program, which

showed heterozygosity (CT) in NAT2 at position 92.

36

Figure 4-14: Multiple alignments for (NAT2-547 bp) Sudanese patient
sequence forward (NO 80-100) and Sudanese control sequence (NO 103-121)
with reference databases sequence using BioEdit Sequence, show change of
wild type (C) to mutant nucleotide (T) for KpnlC481T (rs1799929) SNP at
position 14241 in figure.

37

Figure 4-15:Multiple alignments for (NAT2-547bp) patient sequence foreword
(NO 80-100) and control sequence (NO 103-121) with reference databases
sequence using BioEdit Sequence, show change of wild type (G) to mutant
nucleotide (A) for Tag G590A (rs179 9930) and BamH1 G857A (rs1801279)
for cases sequences and no change to controls sequences at position 143450

in figure

37

Figure 4-16: HOPE Modeling of the 3D structure of the NAT2 protein with
selected SNPs. The protein (grey color) residues changed from wild type (green

color) to mutant (red color).

38

Figure 4-17: Chimera modelling of the native Arginine amino acid (R)
substitution for a Tryptophan (W) at codon 64 (rs1801279).

38

XVI




List of abbreviations

ALL Acute Lymphocytic Leukaemia
AML Acute Myeloid Leukaemia

B- ALL B- Cell Acute Lymphoblastic Leukemia
CALL common ALL

CBC Complete Blood Count

CC Childhood Cancer

cDNA Complementary DNA

CLL Chronic Lymphoid Leukaemia

clg Cytoplasmic Immunoglobulin
CML Chronic Myeloid Leukaemia

CMV Cytomegalovirus

CNS Central Nervous System

DNA Deoxyribonucleic Acid

EDTA Ethylene Diamine Tetra Acetic Acid
EBV Epstein-Barr Virus

BL Burkitt’s Lymphoma

EMF Exposure to electromagnetic fields
FAB French-American-British

GST Glutathione-S- Transferases

HB Hemoglobin

HCT Hematocrit

HAA Heterocyclic Amines

MCH Mean Cell Hemoglobin

MCHC Mean Cell Hemoglobin Concentration
MCV Mean Cell Volume

mlg Membrane Immunoglobulins

NAT2 N-acetyltransferasek-2

NCR National Cancer Register

NCBI National Center of Biotechnology Information
NHL Non Hodgkin Lymphoma

PCR Polymerase Chain Reaction

XVII




Ph Philadelphia chromosome

PLTs Platelets

SNP Single Nucleotide Polymorphism

RBCs Red blood cells

RFLP Restriction Fragment Length Polymorphism
WBCs White Blood Cells

WHO World Health Organization

SPSS Statistical Package of Social Sciences
T-ALL T-Cell Acute Lymphoblastic Leukemia
TdT Terminal Deoxynucleotidyl Transferase
KTH Khartoum Teaching Hospital

KOH Khartoum Oncology Hospital

XVII




Chapter one

Introduction



Chapter One

Introduction
1.1. Introduction:
Cancer is becoming a comprehensive health problem, and remains the leading cause
of death worldwide (Peres et al., 2019, Abodlaa et al., 2019). The cancer incidence in
the third world, including Africa, increased dramatically in recent years (Zheng et al.,
2017, Ferlay et al., 2019). Leukaemia is a wide-ranging term covering a spectrum of
diseases. It is a cancer of the blood or bone marrow characterized by uncontrolled
growth of specific types of white blood cells (leukocytes) (Osman, 2017, Nadkarni
and Hariharan, 2019). Individuals with Leukaemia usually maintain abnormally high
numbers of leukocytes in their blood. This condition results in an individual’s
inability to maintain certain body functions, particularly a person ability to combat
infection (Reehan, 2018, Kussick, 2018). The minor rates of Leukaemia reported in
sub-Saharan Africa probably stand for the letdown of diagnosis or reporting (Maude
and Hunger, 2018, Jemal et al., 2011), and at least 54,000 new ALL cases in Asia are
expected to occur each year (Al-absi et al., 2017).
Acute lymphoblastic Leukaemia (ALL) is a form of Leukaemia (Gatt and lzraeli,
2019, Paietta, 2018). ALL is the most common malignant disease of childhood. The
incidence of childhood cancer and type varysignificantly throughout the world is
according to ethnicity, socio-economic status, and gender (Tishkoff et al., 2009,
Ibrahim and Osman, 2011, Maude and Hunger, 2018, Rafieemehr et al., 2019, Ferrari
et al., 2019). Cancer in Sudanese children less than 15 years old constituted about 7%
of the cancer cases recorded by the National Cancer Register (NCR) in 2009(Ahmed
et al., 2014, Hamad, 2006). Leukaemia, has significantly increased in Sudan in the
current years and it is ranked as the main cause of mortality. It represented 17% of all
cancers, and ALL is recorded as the first type of Leukaemias, however, cancer
registration in Sudan is dependent on hospital-based cancer recoding system (Saeed et
al., 2014, Ahmed et al., 2014, Hamad, 2006). ALL have common subtypes; the
precursor B-lymphoblastic which is more present in childhood and precursor T-
lymphoblastic Leukaemia which more frequently occurs in older children and
adolescents (Chiaretti et al., 2014, Ohki et al., 2019, Teachey and Pui, 2019).Various
factors have been found to induce cancer development, including endogenous
(genetic) and/or exogenous causes, such as the environment, habits and life style and
chance (Khan et al.,, 2017, Errahhali et al., 2016). Some studies investigated the
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relation between some carcinogenic factors and Sudanese with ALL, like zinc,
copper, manganese, cobalt and iron (ferritin) which they an essential mineral that
regulate key cellular functions such as the response to oxidative stress and DNA
synthesis. It has been reported that changes in serum levels of these minerals may play
an important biologic role in the initiation and development of ALL (Mohamed et al.,
2017, Abdalla, 2016, Eiman, 2018, Nori and Ibrahim, 2018). And also GSTs,
Cytochrome P450 and Quinone Oxide Reducatasel Genes reported as association
genetic factor between Sudanese with ALL (Hussen, 2019). The geneticpolym-
orphisms of N-acetyltransferase-2 (NAT2), and glutathione S-transferase (GSTT1, M1
and P1) are the main genetic factors which are involved in etiology of ALL (Arias et
al., 2014, Elhoseiny et al., 2014, Hamad, 2006, Brisson et al., 2015). Both represent
chief groups of phase Il enzymes of the detoxification and metabolism of xenobiotics
and drugs (Zapletal et al., 2019, Singh and Ghosh, 2019) and they have strong
mutagenic and carcinogenic effect (Dobritzsch et al., 2019).

East Africa is a strategic area to learn human genetic diversity owing to the presence
of ethnically, linguistically, and geographically different populations (Dobon et al.,
2015, Fadhla- oui-Zid et al., 2011). Sudan, which is an Afro-Arab country, is an
ethnic mixture of about 700 tribes that speak over 400 different languages and
dialects before secession and consisted of 15 states with a population density that is
noticeably uneven (Saeed et al., 2014, Awadelkarim et al., 2012, Sharkey, 2008). The
Sudanese tribes were classified according to the genetic classification of African
languages per Greenberg’s classification (1963) into four linguistic affiliations or
groups; Afro-Asiatic, Nilo-Saharan, Niger-Kordofanian, and Khoisan (Greenberg and
Kemmer, 1990, Boattini et al., 2013, Dimmendaal, 2010, Henn et al.,, 2012,
Dimmendaal, 2007). To the best of our understanding, Leukaemia in the different
regions of the Sudan is unknown and no distinct study has shown the epidemiology of
ALL and the relation between Sudanese linguistic groups and environmental or
genetic factors in general. This study is an attempt to draw awareness to the role of
NAT2 gene polymorphisms in ALL in Sudan. The study highlights a selected NAT2
and GST (P1, T1, and M1) genes SNPs and predicts the underlying phenotypic
variations that can be imposed by those SNPs with demographic data as well as
hematological parameters among Sudanese population with ALL. Notably, our study

is considered the first descriptive epidemiological study on the geographical area and



tribe's distribution of ALL-subtypes among the Sudanese population using wet
laboratory and insilico approaches.

1.2 Hypothesis:

Polymorphisms in Glutathione-s-Transferase (T1, M1 andP1) and N- Acetyltransf-
erase-2 [Tag (G590A), Dde (A80 3G), BamH1 (G857A) and Kpnl (C481T)]are
associated with high risk of development of (ALL).

1.3 Rational:

Data for both incidences of leukaemias and factors which may predispose populations
to leukaemias in Sudan are mostly unknown. Single nucleotide polymorphisms
(SNPs) are the primary source of genetic variation, the association between SNPs for
genes encoding enzymes involved in the biotransformation of xenobiotics and the
susceptibility to cancers have been shown in several studies (Gill et al., 2016, Feki-
Tounsi et al., 2017). Therefore, the goal of the present study was to investigate the
association of genetic polymorphisms of NAT2 [Tag G590A (rs1799 930), Dde
A803G (rs1208), BamH1 G857A (rs1801279) and KpnlC4 81T (rs1799929)] and
GST (P1, T1, and M1) with demographic data and hematological parameter among
Sudanese tribes with ALL. An understanding of the risk factors linked to increased
cancer prevalence can be used to guide national health screening strategies and the
development of more effective biologically- based therapies. This study will examine
the hypotheses that there are different SNPs in NAT2 and GSTs genes in Sudanese
population from different ethnic groups, an important risk factor of leukaemia.
Therefore, a new type of ALL polymorphisms is expected to emerge. Public
awareness in leukaemia as a public health problem will also increase. Published
studies in ALL leukaemias and myeloproliferative disorders observed a significant
relation between combined NAT2 and GSTs polymorphisms and development of
hematopoietic neoplasms (Trang et al., 2018, Yu et al., 2016, Lukas et al., 2017).
Globally, ALL is a blood abnormality and the major childhood cancer (Shah et al.,
2019).

In Europe, Asia, the Middle East, and the Americas, some studies have reported that
childhood ALL genetics consortium includes 12 research groups, but there is no
matched study in Sudan, or Arabic world has been published except only one from
Egypt (Mahmoud et al., 2010 ). In 2013 the proportion of new cases from ten top



cancers in Sudan, for CML was 6.4%, Lymphoma was 5.5%, and Non Hodgkin
Lymphoma (NHL) was 6.9%, and there are 515 new cases of ALL among three
consecutive years (2010-2012), according to the KOH records. Studies of this type are
essential to the understanding of the relationship between environmental and genetic
variability at multiple loci. This will improve knowledge about Leukaemia etiology
and the identification of persons at increased risk of developing Leukaemia.
Understanding the risk factors linked to increased cancer prevalence can inform
national health screening strategies and the development of biologically based
therapies through the detection of associations between the polymorphisms studied
and leukemic disease risk or prognosis in Sudanese populations. The results may also

have implications for pre-marital genetic counseling.



1.4 Objective

1.4.1 General objective:

To study the Genetic Polymorphisms of Glutathione-s-Transferase and N-

Acetyltransferase-2 among Sudanese patients with Acute Lymphoblastic Leukemia

1.4.2 Specific objectives:

1.

To measure the complete blood count (CBC) and relate them to demographic
data (Age, Sex, geographic area, ethnic group) in ALL patients and controls.

To detect the frequency in [(Tag G590A (rs1799930), [Dde A803G (rs1208),
BamH1 G857A (rs1801279) and Kpnl C481T (rs179 9929)] and Glutathione-S-
transferases (P1, T1 and M1) genes and alleles in Sudanese patients with ALL
and control cases.

To study the association between the demographic data and polymorphisms in
NAT2 and GST (P1, T1, and M1) polymorphisms in Sudanese patients (ALL
patients and control cases).

To detect whether polymorphic variation in NAT2 and GST (P1, T1, and M1)
confer susceptibility to ALL among the Sudanese population.

To study the present of other SNPs at (GSTP1 and NAT2) DNA sequences by

multiple alignment.
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2.1. Background:

The incidence of childhood cancer (CC) and type differ greatly throughout the
world.CC contains a variety of malignant tumors. Yearly incidence worldwide is
around 160.000 cases per year, whereas mortality rates average 90.000. Leukaemia is
diagnosed in about 30— 34% of all CC (Inskip et al., 2019). The lowest rates of
Leukaemia reported in sub-Saharan Africa possibly represent failure of diagnosis or
reporting to some extent(lbrahim and Osman, 2011, Erdmann et al., 2019).ALL is a
common malignancy in children, where it corresponds to about 80% of all childhood
Leukaemia's and 25-30%% of all childhood cancers. There is a slight male to female
predominance of 1.3:1.0 (male to female ratio) (Zheng et al., 2017, Hunger and
Mullighan, 2015). A majority of cases occur in persons under the age of 15 years
with incidence peaks 2-5 years of age, except in Africa and the Middle East (Al-absi
etal., 2017, Pui, 2011).

High rates of ALL, up to 40 per million, occurs in the mostly white populations of
North America, Western Europe and Oceania, and also in the Chinese, and lowest of
all in much of sub-Saharan Africa. In general, incidence is associated with levels of
socioeconomic development (Bouda et al., 2020). It results from the accumulation of
genetic alterations of B or T lymphoid precursor cells with arrested maturation
(Churchman et al., 2016), and distinguished by excess growth of the lymphoblasts,
which are immature lymphocytes that are activated by an antigen and is a common
source of variance in a genome, and play a major role in the understanding of the
genetic basis of many complex human diseases (Chiaretti et al., 2014). There are
more than 10 million SNPs in public databases. A SNP is a single base pair change
(substitution/ deletion/ insertion of one nucleotide) at a specific locus, generally
consisting of two alleles. To date most association studies of ALL have been based on
the candidate gene approach and have evaluated a restricted number of SNPs(Eissa
and Ahmed, 2013). Such studies have highlighted difficulties in conducting
statistically and methodologically rigorous investigations into ALL risk (Mathoulin-
Peélissier and Pritchard-Jones, 2019, Sulong, 2010). Living organisms are always
exposed to non-nutritional distant chemical agents. These xenobiotics may interact
deleteriously with an organism, causing toxic and sometimes carcinogenic effects
(Errahhali et al., 2016).



2. 2 Clinical presentation of Acute Lymphocytic Leukaemia:
The most common symptoms of ALL include fever (caused by Leukaemia or
secondary to severe infections if neutropeniais present), weakness, growth retardation,
bone or particular pain, petechiae and ecchymoses (Yabluchansky et al., 2016). More
severe clinical manifestations include dyspnea, hepato and spleenomegaly, lymph
adenopathy, mediastinal and testicular infiltration. ALL currents with varying levels
of neutropenia, anemia, bleeding and thrombocytopenia. Leukocytosis is mainly
common but symptomatic leukostasis is rare in ALL. However, a high WBC count is
an independent predictor of poor effect. Central nervous system (CNS) involvement
by ALL occurs in about 5-10% of adult patients through the way of their disease, but
neurologic symptoms are uncommon at diagnosis (Mehta, 2011).
2.3 Classification of Acute Lymphocytic Leukaemia:
Leukaemia can be classified in a number of ways. A best classification is one which
knows real entities with essential biological differences.There are four main types of
Leukaemia:
1 Acute Lymphoid Leukaemia (ALL)
1 Acute Myeloid Leukaemia (AML)
1 Chronic Lymphoid Leukaemia (CLL)
[1 Chronic Myeloid Leukaemia (CML)
In adults, the main types of Leukaemia are AML,CML, and CLL, but ALL is
common in children(Mehta, 2011, Bashasha et al., 2017).
The French-American-British (FAB) Group classified ALL based on the morphology
of leukemic cells and cytochemical staining of blasts. However, the latest
classification system proposed by the World Health Organization (WHO) needs an
additional assessment of the leukemic blasts by molecular analysis and flow
cytometry (immunophenotyping). The results of these four techniques classified ALL
into:

1 L1, ALL with fairly small uniform lymphoblasts

1 L2, ALL with more pleomorphic Lymphoblasts

1 L3, ALL with basophilic vacuolated lymphoblasts
According to immunophenotyping, the ALL have two common subtypes, the
precursor B-lymphoblastic which occurs more in children and precursor T-

lymphoblastic Leukaemia which is more frequently present in older children and



adolescents (Wenzinger et al., 2018, Vadillo et al., 2018, DiGiuseppe, 2016). T cell-
ALL accounts for about 15% and 25% of ALL in children and adults, respectively,
and B cell-ALL accounts for approximately70-80% in adults (Tasian and Hunger,
2017).

2.3.1 B-lineage Acute Lymphocytic Leukaemia:

2.3.1.1 Pro-B ALL, or early pre-B, is CD10 negative and is lacking, in particular, B-
or T-cell differentiation markers but expresses human leukocyte antigen (HLA)-DR,
TdT and CD19, and has rearranged immunoglobulin genes. It presents in about 9—
11% of adult cases.

2.3.1.2 Common ALL(c-ALL) is the main immunological subtype in adult ALL. It
approximately represents > 50% of cases of adult ALL. c-ALL is described by the
presences of CD10. Blast cells do not express markers that explain relatively mature
B cells for example cytoplasmic or surface membrane immunoglobulins (mlg). The
blast cells are positive for CD19 and TdT.

2.3.1.3 Pre-B ALL is differentiated by the expression of cytoplasmic immunoglobulin
(clg), which is missing in common ALL, but is equal to common ALL with respect to
the expression of all other cell markers.

2.3.1.4 Mature B-cell ALL is found in a roundly 5% of adult cases. The blast cells
express surface antigens of mature B cells, including surface mlg. CD10 may be
present, in addition to, occasionally clg (Paietta, 2018, Birva et al., 2019).

2.3.2 T-Acute Lymphocytic Leukaemia Classification:

About 22% of adult patients have blast cells with a T-cell phenotype. All cases
express the T-cell antigen gp40 (CD7). An alternative of T-cell ALL blast cells
expresses CD10 together with T-cell antigens. In the majority patients of T-cell ALL,
one or more of the T-cell receptor genes are reorganized. These properties make it
possible to differentiate T-cell ALL based on their stage of differentiation.

2.3.2.1 Early T-precursor ALL account for 6% of adult patients. It shows charact -
eristic T-cell markers (cyCD3 and CD7) but no additional differentiation markers.
2.3.2.2 Thymic (cortical) T-ALL is the common frequent subtype of T-ALL (10%). It
is explained particularly by the expression of CD1a. Surface CD3 may be occurring.
Since this subtype is connected with a better prognosis, its recognition is of particular
importance.

2.3.2.3 Mature T-ALL comprises about6%. The blast cells do not express CD1a but
they are positive for surface CD3 (Mehta, 2011, Teachey and Pui, 2019).
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2.4 Diagnosis of Acute Lymphocytic Leukaemia:

The morphologic recognition of lymphoblasts in the blood and bone marrow and their
phenotypic explanation are of most essential to the correct diagnosis and
categorization of ALL. These need careful evaluation of well-prepared peripheral
blood and bone marrow aspirate smears, and phenotypic test of the blasts by
cytochemical studies and by flowcytometry or immunohistochemistry with
appropriate panel of surface and cytoplasmic markers. In the most of patients, the
counts and cellularity are high, but in some there can be pancytopenia, and
hypocellularity, which make the identification of the blasts more essential (Pui, 2011,
Lichtman et al., 2006). Flowcytometry is a very significant tool for analysis and
classification of ALL. Multiparameter flowcytometry allows one to know and
distinguish individual cells in suspension by using fluorescent-labeled antibodies to
cell lineage and separation associated antigens expressed by these cells. It provides a
quick method- logy for the assignment of cell lineage and stage of differentiation in
acute Leukaemia or blast crisis of CML (Birva et al., 2019).

2. 5 Biology of Philadelphia Positive ALL:

The Philadelphia chromosome [t (9, 22) (g34; gq11)] BCR-ABLL1 occurs in less than
5% of children with ALL, but in about 30% of adult cases and in >50% of ALL
patients over the age of 50years. It results from the equivalent translocation which
makes a hybrid BCR-ABL gene. A 210 kD BCR-ABL fusion protein (p210) happens
in an overwhelming proportion of patients with CML but in below a third of those
with ALL. A shorter 190 kD BCR-ABL fusion protein is present in 50% of adult Ph
(+ve) ALL patients and in 80% of childhood Ph+ ALL cases. The gene was present
in around 30% of adults with B lineage ALL (Provan and Gribben, 2010).

2.6 Survival:

Long-standing survival rates for adult ALL patients have not significantly improved
over the past two decades. Cure is a realistic objective, as >94% of children have
continuous disease-free survival for five years and show cured, while 30-40% for
patients 20-60 years old, worsening to < 15% for those older than 60 years and < 5%
for those older than 70 years (Buffler et al., 2005).

2.7 Age Differences:

There is a clear peak of occurrence of ALL between two and four years old followed

by falling rates during later childhood, adolescence, and early childhood (Chiaretti
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and Foa, 2009). There is a bimodal pattern with a smaller secondary peak gradually
tendency up further than 60 years old. The sharp peak in early childhood was first
noted in the UK and USA in the 1930s, then next in Japan, China, and among children
of African fall in the USA. The peak shows to be not present in many parts of the
developing world. This change in occurrence with industrialization and affluence may
give an answer to the leukemogenic etiological agents that give rise to ALL(Patterns,
2010).

2.8 Possible causes and risk factors:

So far, be sides the inherited factors, the World Health Organization (WHO) classifies
four different groups of external agents as carcinogens which cause malignancy in
children. These are physical, chemical, biological, and dietary components (e.g., cured
meats). Wide data is now available on known and supposed risk factors for pediatric
cancers, including but not limited to: early-life exposures to infectious agents (viruses,
bacteria, protozoa, and fungi); parental, fetal, or childhood exposures to
environmental toxins (pesticides, solvents, household chemicals and radiation
(Rodgers et al., 2018, Williams, 2019).

2. 8.1 Genetic factors:

Genetic risk factors generally contain familial aggregations of genetic syndromes such
as retinoblastoma, Li-Fraumeni syndrome, hereditary nonpolyposis colon cancer and
others (GENES and ISRUPTION, 2018). In generally, in 5 — 15% of CC cases
genetic factors are thought to affect the child to the development of cancer. Ecological
and exogenous factors have much lower figures (5-10%), leaving the large majority
of CC (75 — 90%) weekly understood and of unknown reasons. Because cancer is a
multifactorial disease caused by genetic and environmental factors, it is often not easy
to determine the critical time of exposure as during pregnancy or earlier. In addition,
childhood cancers develop and manifest differently from one another due to various
numbers of sources and distinctive clinic. The NAT2 and GST(T1, M1, and P1) are
remarkable genetic polymorphisms, which have been associated with increase an
individual risk of developing ALL (Di Pietro et al., 2012, Ding et al., 2019).

2.8.1.1 Glutathione S-transferases (GSTs):

GST gene family encodes genes that are significant for certain life processes. It is a
super family of genes, found virtually in all eukaryotes, involved in the detoxification
and toxification mechanisms of dangerous agents including xenobiotics, pesticides,

environmental carcinogens, and some chemotherapeutic drugs (Osman, 2017, Shepard
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et al., 2011, Elhoseiny et al., 2014). Phase Il enzymes catalyze conjugation of
activated xenobiotics to an endogenous water soluble substrate, such as glutathione
(GSH), UDP-glucuronic acid or glycine (Gatedee et al., 2007),by catalyzing the
nucleophilic attack by glutathione synthase on electrophilic carbon, sulfur, or nitrogen
molecules and converts to nonpolar xenobiotic substrates, thus avoiding their
interaction with essential cellular proteins and nucleic acids (Josephy, 2010, Gra et
al., 2010). The absolute and relative quantity of phase | and Il enzyme activities be
different between individuals and affect biological responses to xenobiotic exposure
(Crocco et al., 2019). The six families of enzymes have been classified as alpha, mu,
pi, theta, zeta, and omega. GST-mu (GSTM1), GST-theta (GSTT1), and GST-pi
(GSTP1) have been studied most (Coughlin and Hall, 2002). The four cytosolic
families of GSTs, including GSTT1 andT2, GSTM1, GSTP1, located on chromos-
omes, 22q11.2.1p13.3 and chromosome 11913, respectively (Nasr et al., 2015).
GSTM1 presents in human cancer tissue is characterized by two active alleles
GSTM1*A, GSTM1*B and a non-functional null allele which results from the
wholeGSTM1 gene deletion mutation. Unlike GSTM1, GSTT1 is polymorphic and
characterized by a functional (wild) allele and a non-functional (null) allele. This null
allele outcome from total or partial deletion of the gene. Individuals who are carriers
of such genotypes may therefore be at increased cancer risk (Dzian et al., 2012,
Ramzy et al., 2011).

Genetic polymorphism in enzymes that metabolize xenobiotics has been associated
with differences in cancer risk and adverse drug response. GSTM1 is an important
detoxification enzyme responsible for conjugation of electrophilic compounds to
glutathione, thus stopping their reaction with DNA or proteins (Buffler et al., 2005,
Sulong, 2010).TheGSTP1 gene ,have a distance 2.48 kb of DNA and comprises 7
exons that encode for cytosolic GST enzyme (Elhoseiny et al., 2014). The first
polymerphism identified was an A-G polymorphism at nucleotide 313 in exon 5which
leads to an amino acid substitution of isoleucine (lle) by valine (Val) at 105 amino
acid position (lle105Val). This substitution results in three GSTP1 genotypes: they are
(lle/lle) homozygous wild type, (lle/Val) heterozygote and (Val/Val) homozygous
(mutant) variant. The gene coding for GSTP1,displays polymorphism within the more
coding region at codon 105 (lle/Val 105; rs1695), play an important role in leukem-
ogenesis, as it potentially alters protein function, moving back its detoxification

ability for certain mutagens and carcinogens, which could effect in increased DNA
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damage and mutation, and a greater risk of developing cancer (Dunna et al., 2014,
Goodrich and Basu, 2012, Alaqgidi and Alwash, 2019). The Codon 105 residues
(GSTP1) is an active site for binding of hydrophobic electrophiles and the lle-Val
substitution affect substrate-specific catalytic activity and stability of the encoded
protein and then their function (Chielle et al., 2016). Thus, an individual carrying
‘val’ variant is predictable to have lower detoxication potential and greater risk for
cancer (Uddin et al., 2014, Pavlovic et al., 2019). The genetic polymorphisms of GST
genes have been influenced of the enzyme activity among individuals and ethnic
groups (Gra et al., 2008, Gatedee et al., 2007). Which was resulting in altered the
expression or ability of enzymes to metabolization and then has been associated to
increase risk for cancer mainly ALL (Maxwell and Cole, 2017, Gasic et al., 2018,
Farasani, 2019). There are several reports on the predictive role of GSTs and ALL
cussed, some of them described the relation between an increased environmental risk
and lifestyle, and the others related it to genetic disorders (Sulong, 2010, Ibrahim et
al., 2014, Brisson et al., 2015).

2.8.1.2 N-acetyltransferase 2 (NAT2):

The NAT2gene codes for the enzyme arylamineN-acetyltransferase-2(NAT2). It is
involved in phase Il of the detoxification and metabolization of xenobiotics and
arylamine by N-acetylation of several arylamines, such as aromatic amines, a
detoxification step, and O-acetylation of heterocyclic amines (HAA), resulting in bio-
activation (Arias et al., 2014). It is a critical enzyme in clinical pharmacology, which
have strong mutagenic and carcinogenic effect (Gra et al., 2010, Zheng et al., 2017).
NAT genes are found in prokaryotes and eukaryotes. In humans they are codified into
two loci, as two polymorphic (isoenzymes) and functional genes: NAT1 (MIM#
108345) and NAT2 (MIM# 243400), with distinct functional roles. And a third loci,
comprising a pseudo gene-NATP. NAT2 is expressed mainly at a high level in the
liver, but also expressed in almost all tissues of mammalian species and is encoded by
a polymorphic gene presenting several nucleotide substitutions (Satoh, 2007, Di
Pietro et al., 2012). Both genes (NAT1and 2) are located on chromosome 8. It has an
open reading frame of 870-bp of 290 amino acids, and has different tissue distribution
(Santos et al., 2016, Borlak and Reamon-Buettner, 2006). There is 81% similarity in
the amino acid sequence, while proteins differ in only 55 amino acids. In the human
population, more than 15 SNPs have been identified in the coding region of NAT1 and
more than 25 SNPs in NAT2, with different effects (Di Pietro et al., 2012). About 65
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allele variants of NAT2 have been described in different human populations. These
variants have between one and four nucleotide substitutions and the most frequent
alleles consist of slow phenotype rs1801280 (1114T-341T>C), rs1799930 (R197Q-
590G>A), rs1799931 (G286E-857G>A), and rs1801279 (R64Q). In addition to three
others rs1041983 (282C>T), rs1799929 (481C>T), rs1208 (803A>G) which are
synonymous single nucleotide polymorphisms or they have been identified as fast
alleles (Borlak and Reamon-Buettner, 2006, Hein and Doll, 2012, Guaoua et al.,
2014, Khlifi et al., 2013, Mittal et al., 2004). Complex diseases are the result of the
interaction of genetic and environmental factors, and may be influenced by population
ethnic diversity. Many recent studies have demonstrated the influence of the ethnic
component in the genetic variation of NAT2 gene polymorphism (Arias et al., 2014,
Guaoua et al., 2014, Mittal et al., 2004). The frequency of the acetylator phenotype
differs depending on the ethnic group, and is divided into rapid, intermediate, and
slow acetylator phenotypes. Thus, low or no NAT?2activity has been associated with
different levels of susceptibility to developing many kinds of cancers and drug
toxicity (Di Pietro et al., 2012, Gra et al., 2010, Hein and Doll, 2012).

2.9 Major environmental risk factors:

2.9.1 Radiation:

Established evidence for increased risk of ALL includes gender, age, race, prenatal
exposure to x-rays, therapeutic radiation, and specific genetic syndromes (Buffler et
al., 2005).In children, genetic tendency syndromes and ionizing radiation are known
risk issues. Contact to high-dose radiation (e.g., by survivors of atomic bomb blasts or
nuclear reactor accidents) or a5-fold diagnostic x-rays before birth increased risk of
developing ALL (Boothe et al., 2014). However, few studies state an increased risk of
Leukaemia associated with residing in proximity to nuclear plants or occupational
exposure to low-dose radiation (Hayes et al.,, 2001). But it is unclear whether
exposure to electromagnetic fields (EMF) take part in the role of the effect with ALL,
however, most studies, to date, have found little or no risk (Danker-Hopfe et al.,
2018).

2.9.2 Infectious diseases:

The infectious diseases are still the main anxiety of the health care system. Sudan, as
most sub-Saharan African countries, will face a predictable increase in cancer rate
because of the more and more rising life expectancy, the wide distribution of cancer

related infections, and the mounting pollution due to urbanization and extend of
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intensive agriculture and industrialization (Parkin et al., 2008, Sitas et al., 2008). As
in other sub-Saharan African countries, the cancer patterns would be expected to
reproduce population demography, such as shorter life expectation and young
population structure, and contact to a diversity of risk factors, related to both
customary and new lifestyles (Black et al., 2003, Gondos et al., 2005). However,
scanty documented about cancer in Sudan (lkpatt et al., 2002, Hamad, 20086,
Awadelkarim et al., 2008). It is now known that Cytomegalovirus (CMV) and
Epstein-Barr virus (EBV) infect around90% of the population globally. CMV and
EBV are the popular viruses that cause infections in pediatric leukemic patients as a
result of Leukaemia linked immunosuppression status. And also a higher contact to
herpes simplex virus types 1 and 2 (HSV-1 and 2) among ALL children (Loutfy et al.,
2017). EBV is a herpes virus that infects and establishes a persistent infection in
humans, it is linked with 50-70% of Burkitt’s lymphoma (BL) in North Africa and
South America and around 20% in Europe and North America (Crawford, 2001,
Stiller, 2004). Viruses was development of a number of lymphoid malignancies, BL
was the first neoplasm found to be related to EBV, with nearly 100% association in
endemic areas (malaria areas), but less than 20% in low-incidence areas, and ALL
coming in second (Ahmed et al., 2012). Some studies established that subclinical
reactivation of cytomegalovirus (CMV), human herpesvirus-6 (HHV-6), and EBV
were common in adult T Cell Leukaemia (ATL) patients in receipt of chemotherapy.
Some reports have connected other viruses with various types of Leukaemia,
including hepatitis B virus.(Tedeschi et al., 2006, Ogata et al., 2011). In the actual
fact, EBV does not directly cause a specific disease of its own, as is the case of other
pathogens, but it plays a role in the etiology of a number of diseases, as for example
cancer, rheumatoid, and a co-factor to numerous autoimmune diseases (Jones, 2015).
A causative link between EBV and Leukaemia, a disease with a distinctly high
incidence in Sudan, has been widely investigated. According to the residence, the
Western and Khartoum states registered wide extend of EBV in Sudan (Elawad et
al., 2016, Ahmed et al., 2015).

2.10 Cancer in Sudan:

Cancer is one of the most important causes of death worldwide. It is estimated that the
international cancer load will even increase in years to come and will reach 21.4
million new cases and 13.2 million deaths by 2030 (Mathers and Loncar, 2006).

Referring to a projection of the WHO, cancer is considered as the second reason of
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death in developing countries (10.4%), (Saeed et al., 2016). In Africa, about 715,000
new cases and 512,400 deaths were reported in 2008. Thus, cancer poses a massive
burden for the health system, as well as the whole economy, throughout Africa
because of both treatment prices and drop-out of working power of patients (Jemal et
al., 2012). Sudan is well-explained as an Afro-Arabian country because of its rich
merger of ethnic, social and cultural diversity. As of 2013, the Sudanese population is
evaluated at about 36 million. Sudan's cancer trouble is not well- recorded because the
awareness of the health system mainly focuses on communicable diseases such as
malaria, tuberculosis and human immunodeficiency virus (HIV), which is similar to
all developing countries in Africa. A review of Sudanese hospitals conducted in 2000
exposed that cancer was the third reason of death after malaria and viral pneumonia,
accounting for 5% of all deaths. Most published data on cancer in Sudan are little, due
to the hospital-based case studies (Osman et al., 2010, Ahmed et al., 2014). The main
sources of cancer data are: KOH, located in the national capital Khartoum, Khartoum
State and the National Cancer Institute (NCI) of the University of AL-Gezira in Wad
Madani, Capital of the Gazira State, both centers are located in the densely populated
center of Sudan. A National Cancer Registry was established in 2009 to pool cancer
data into a single centrally easy to get to system. However, great and reliable datasets
on cancer frequency and mortality in Sudan are still lacking (Saeed et al., 2016, Saeed
etal., 2014).

2.11 Ethnicity and tribes’ groups:

Sudan is a diverse country combining various ethnic, linguistic groups and cultures
(Dimmendaal, 2014, Blench and MacDonald, 2006).The three out of four language
families attested in Africa include Sudan per Greenberg’s classification are (i.e. Afro-
Asiatic, Nilo-Saharan, and Niger-Kordofanian) and Khoisan (Miller, 2016, Lewis,
2009, Henn et al., 2012, Tishkoff et al., 2007, Estey et al., 2014). Afro-Asiatic,
spoken mostly by northern and eastern African pastoralists and agro-pastoralists,
covering North Africa, includes the Semitic, Cushitic, and ancient Egyptian (Coptic)
languages (Dimmendaal, 2011, Scheinfeldt et al., 2010). Nilo-Saharan, spoken mainly
by eastern and central African pastoralists, includes in its main Chari-Nile branch the
Central and Eastern Sudanic languages. Niger-Kordofanian, spoken mostly by
agriculturalist populations across western, eastern, central, and southern Africa (Paul
et al., 2009, Boattini et al., 2013).
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Chapter three

Materials and methods
3.1. Study design:

This is a case — control study to detect the association hematological parameters and
polymorphisms of NAT2 [Tag G590A (rs1799930), Dde A803G (rs1208), BamH1 G857A
(rs180 1279), and Kpnl C481T (rs1799929)] and GST (P1, T1 and M1) genes in ALL
patients and a matched healthy Sudanese population during the period from August
2015- to August 2018.

3.2. Study area:

The research was carried out at KOH, because of the facilities there and the
availability of samples representative of the ethnicities throughout the country. KOH it
was the first oncology in Africa established 1967, it serves Sudan and the adjacent
countries.

3.3. Study population:

Study population included 150 patients attending KOH, who were diagnosed as ALL
of both sexes. And 150 control patients who consisted of healthy volunteers without a
medical history of cancer or other chronic diseases attending Khartoum Teaching
Hospital (KTH) at the same period.

3.4. Inclusion criteria:

Patients who have confirmed diagnosis of ALL regardless of gender or ethnic group
and attended KOH during the study period and the control group was collected from
KTH, all patients and controls were of Sudanese ethnicity and matched for all
demographic data (figure 1: see the map of the distribution of different linguistic

groups in Sudan).

3.5. Exclusion criteria:

Non-Sudanese patients and those who refused to participate in the study.
3.6. Sample Size:

Sample size was determined based on preliminary data collected in a pilot survey

using the following equation,
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n=sample size,
z=value (e.g. 1.96 for 95% confidence level),
d = confidence interval, expressed as decimal (e.g., .05 = £5),

N= percentage picking a choice expressed as a decimal. The cases of ALL in the
previous three years were 515 cases (N), (KOH statistic office, 2014).

Accordingly, the sample size was 150 patients, and other 150healthy individuals were

included as control group. The samples were collected randomly.

3.7. Blood sample collection:

Venous blood samples (3- 5 ml) were collected under sterile conditions from each
case and control into two labeled EDTA vacutainer tubes: one for hematologic
analysis and the second for DNA extraction.

3.8. Data collection and analysis:

Data were collected using a purposeful data collection form for 150 Sudanese patients
diagnosed with ALL (Band T phenotype), treated at Khartoum Oncology Hospital
(KOH) from 2015-2017 year. The form including demographic data (age, gender,
tribe, and residence), family history of ALL, date of diagnosis and nutrition was used.
The Statistical Package of Social Science (SPSS version 23; SPSS Inc, Chicago, IL)
and GraphPad Prism version (6.07) were used for data analysis collected data were
analyzed to obtain the mean, frequency, the stander deviation, Fisher exact test,
probabilities (p value) and logistic regression. The 95% confidence level was used.
Arc map analysis program was used to represent a map, using geographic information
system (GIS). For ethnic group data using Greenberg's classification and related
studies (Henn et al., 2012, Tishkoff et al., 2007).

18



3.9. Age groups:

Age was categorized into four groups (infant< one year, 1-6years (children),7-18years
(adolescent) and>19years (old)using World Standard Population (WSP) method
(Ahmad et al., 2001),including the 2010 Sudan population (http://www.cbs.gov.sd),

and 2009 projected Khartoum state populations (Saeed et al., 2014).

3.10. Ethnicity and tribes’ groups:

The Sudanese linguistic groups included in this study were classified to the three
language families attested in Africa as referred to per Greenber- g’s classification are:
Afro-Asiatic, Nilo-Saharan, and Niger-Kordofanian (Henn et al., 2012, Miller, 2016,
Estey et al., 2014, Dimmendaal, 2010).

3.11. Ethical consideration:

Selected individual were informed with detailed objectives of the study and its
importance in the future. They were also, provided with information about the study
and any risk that may arise especially during the collection, before they/their
guardians signed written informed consent. All information obtained from patients
was kept as highly confidential data, specimens, and results. Ethical approval was
obtained from the Ministry of Health (The acceptation number: 61-1522), Khartoum
State and permission has been taken from the administrative of KTH and KOH.

3.12. Laboratory methods:

3.12.1. Hematological tests:

EDTA blood samples 5 ml for hematologic analysis (Complete Blood Count and
blood Film). The Hematological parameters were done using an automated particle
cell counter (Sysmex KX 21N.Model 250V T2A/ Japan), and staning blood films for
morphology to confirm the Sysmex result.

3.12.1.1 Sysmex KX 21N:

3.12.1.1.1 Principle:

Blood sample is aspirated, calculated to a predetermined amount, diluted at the
specified ratio, and then fed into each transducer. The transducer chamber has minute
hole named the aperture. On both surfaces of aperture, there are the electrodes among
which flows direct current (DC). Blood cells suspended in the sample pass via the
aperture, causing DC confrontation to change between the electrodes .As DC
confrontation change the blood cell size is detected as electric pulses. Blood cell count
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is calculated by counting the pulses and a histogram of blood cell sizes is plotted by
determining the pulses sizes. Also, analyzing a histogram creates it possible to obtain
a variety of analysis information (Sysmex KX 21N.Model 250V T2A/ Japan).
3.12.1.1.2 Method of complete blood count:

Completely automated multichannel devices require only that an suitable blood
sample is presented to the apparatus and typically calculate from 8 — 20 components
for the essential CBC and blood cell differential, impedance counting systems
depends on the reality that red cells are poor conductors of electricity, while certain
diluents are good conductors (Sysmex KX 21N.Model 250V T2A/ Japan).

3.12.1.2 Flowcytometry:

Immunophenotyping Flowcytometer was used to diagnose of ALL; Lymphocytes
panel was used including CDs markers (Coulter EPICS XL—Mcl TM Flowcytometer
—Miami, Florida ~USA). Basic principle is the passage of cells in single file in front of
laser beam so they can be detected, counted and sorted. Cell components are
fluorescently labeled and then excited by the laser to emit light at varying
wavelengths. The majority immunophenotyping studies were carried out from blood
or marrow aspirates with surface and cytoplasmic markers by flow cytometry in ALL.
CD34, HLA-DR, TdT, CD45 were used as general markers. CD10, CD19, cCD22,
cCD79A, Igm, 1gG, Kappa, Lambda, and slg were B-cell markers used and as T-cell
markers we used: CD1a, CD2, cCD3, CD4, CD8, CD5, CD7.

3.12.2. Molecular tests:

3.12.2.1 DNA isolation:

Genomic DNA was extracted from the lymphocytes donor's cell by using salting out
methods with some modifications: Briefly, the pellet of White Blood Cell (WBC) was
incubated in lysis buffer (10 mM Tris HCI, pH 8.0, 400 mM NaCl, 2 mM EDTA, 200
ul of 10% Sodium Dodecyl Sulfate (SDS) and 5 pl of Proteinase K) for overnight at
37C°. The solution mixture was mixed with 1ml Guanidine Chloride and 300ul
potassium acetate, shaken and centrifuged at 6,000g for 5 minutes. DNA was
precipitated from the resulting supernatant by adding absolute ethanol and then was
washed 3 times (70% ethanol). DNA pellet was then dissolved in doubled distilled
water (DD H,0) and stored at —20 °C till used(Miller et al., 1999, Taspinar et al.,
2008, Farivar and Ghazimoradi, 2019).
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3.12.2.2 Polymorphism analysis:
3.12.2.2.1 Genotyping of GSTP1 gene polymorphism:

For genotyping of the GSTP1 (lle105Val) polymorphism, polymerase chain reaction
restriction and fragment length polymorphism (PCR-RFLP) assay was used. PCR
reaction was done using one pair of primers (Tablel). Amplification was carried out
in 25 pl reaction mixture containing Spl leaflet ready master mix, 16 pl double distil
water, 1ul of each primers and 200 ng of genomic DNA. After an initial denaturation
at 94 °C for 3min, the DNA was amplified through 35 cycles of 94°C for 30s at 56 °C
for 30s and 72°C for 30s, with a final extension at 72°C for 5 min in a G-STORM
PCR machine. PCR products were then electrophoresed on 2% agarose gel, to allow
detection by ethidium bromide staining (Joseph et al., 2004). The single nucleotide
substitution (A >G) at position 313 of GSTP1gene (AAT to GAT) created a BsmAl
(BstMAZ1) recognition cleavage site for that enzyme. 5 pl of PCR products and5ul of
reaction mixture (0.5U BsmAll reaction buffer and volume was completed with
ddH,0) were incubated at 55°Cfor two hours. The products were separated using 3%
agarose gels stained with ethidium bromide. The digested products were expected to
produce 3different genotype patterns; the A/A homozygote wild type, demonstrated as
a single 224 bp fragment, the polymorphic G/G homozygote mutant presented by
146bp and 78bp fragments, whereas the A/G heterozygote genotype exhibited 224
bp,146 bp and 78 bp fragments.

3.12.2.2.2 Multiplex (PCR) GSTM1 and GSTT1 Genotyping:

A multiplex PCR was used to amplify both GSTM1 and GSTT1 in a single PCR
reaction together with 3-globin gene primer as an internal control (Tablel). An initial
denaturation at 95 °C for 5 minutes was followed by 35 cycles of 1 minute at94 °C, 30
seconds at 64°C, 1 minute at 72°C and final extension was forl0 minutes at 72 °C.
Genotyping of the genes (null genotypes) was revealed by the absence of the 480bpfor
GSTT1 and 219 bp for GSTM1 PCR products. The R-globin gene produces a 268 bp
was used as an internal positive control. PCR products were visualized by2% agarose
gel electrophoresis with ethidium bromide. The absence of R-globin amplification
indicated a failure of PCR reaction (Santovito et al., 2010).

3.12.2. 2.3 Genotyping of NAT2:
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For genotyping of the NAT2 (C481T, G590A, A803G and G857A) polymorphism,
PCR-RFLP assay was used. PCR reaction was done using one pair of primers
(Tablel).After an initial denaturation at 95°C for 5min, the DNA was amplified
through 35 cycles of 94°C for 30s at 58°C for 1min and 72°C for 30s, with a final
extension at 72°C for 10 min in a G-STORM PCR machine. PCR products were
digested with Kpnl, Tagl, Ddel and BamHI. The C481T mutant allele was identified
by the loss of a Kpnl restriction site and the A803G gain of a Ddel site, G590A, by
the loss of a Tagl site, and G857A, by the loss of a BamHI site. Restriction digests
were separated by electrophoresis on 6% agarose gel to allow detection by ethidium.
3.12.3. Sequence technique:

Sanger Sequencing to PCR product for 11 patients sample (GSTP1- 176bp) and 55
(NAT2- 547bp) samples (45 patients and 10 controls) by BGI TECH SOLUTIONS
HONGKONG.CO, China.

3.12.4 Bioinformatics Analysis:

Bioinformatics analysis for each sample, the two purified chromatogram (forward and
reverse) nucleotide sequences were viewed and checked for quality by FinchTV
program version. The NCBI Nucleotide database was searched for reference
sequences. Target gene nucleotide sequence was obtained and all regions were
analyzed accordingly. Additional high similarity sequences were obtained from NCBI
database and were added as control sequences using nucleotide Basic Local
Alignment Search Tool (BLAST). Any apparent changes within the tested sequences
were noticed through multiple sequence alignment using BioEdit software. All
sequences were translated into amino acid sequences using online Expasy translate
tool. The resulted amino acid sequences were compared all together using BioEdit
software. A computational examination of the reported GSTP1 and NAT2 SNPs using
various publicly available softwares (Sift,Polyphen, I Mutant 3.0, ProjecHOPE,
chimera) and databases (NCBI, dbSNP, Expasy UniProtKB). Were conducted to
understand their possible influence on the protein structure and function, and hence

their ability to cause or enhance advance ALL development.
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Table 3-1: Details of primers (forward and reverse) restriction enzymes and

product sizes (Both before and after digestion).

Genotypic | Restriction | Primers DNA DNA products
Locus enzymes products size size after
before digestion
digestion
GSTP1 BsmAl | F 5-~ACCCCAGGGCTCTATGGGAA-3’ 176 91, 85
R 5-TGAGGGCACAAGAAGCCCCT-3’
GSTT1 F5'-TCACCGGATCATGGCCAGCA-3’ 480

R5-TTCCTTACTGGTCCTCACATCTC-3'

GSTM1 F 5'-GAACTCCCTGAAAAGCTAAAGC-3' 219
R 5-GTTGGGCTCAAATATACGGTGG-3’

NAT2 | Kpnl, Tagl, | F-5"GCTGGGTCTGGAAGCTCCTC-3', 547 To detect the
Dde, and | R-5TTGGGTGATACATACACAAGGG-3’ mutation of
BamHlI C481T, C590A ,
A803G and
G857A

respectively

Key: F= Forward R= Reverse(Taspinar et al., 2008)
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Chapter four
Results

4.1 Demographic Data:

A number of 150 ALL patients attended at (KOH) and 150 controls were detectable
for the molecular examination. The demographic information for all data was given.
No different appearance between the patient and control groups, except for patients
distributions within states. In 150 subjects, slightly high frequencies were registered
from Kordofan (20%), Khartoum (19%), Northern (15.3%) and Darfur (13%) with
significant association between ALL frequencies among affected tribes and inhabited
states (P= 0.002) figure (4-2). The other demographic information including the
Sudanese linguistic ethenic groups, and ALL immune phenotypes are demonstrated in
Table (2), with insignificant differences in the distribution between age group
(p=0.97) (Table 2).

Almost two-thirds were males (63.8%) when compared with females (36.2%, P
<0.0001). The mean age of all subjects was 13.6 years. The calculated mean of age
according to the different age groups was 3.9, 11.2 and 34.6 for children, adolescent,
and elderly groups, respectively. The frequency among adolescent group (7-18 years
of age) was slightly higher (36.9%) than that registered among children group (1-6
years) (30.7%) and elderly group (>18 years of age) (30.3%). Age-specific rates
sharply decreased within the infant age group (2.1%) figure (4-3). Correlation
between gender and age group figure (4-4). Afro-Asitic lingusitic group was the most
common group (72%). The most affected individuals belonged to Gaalin (19%)
followed by Baggara (11%), Kawahla and Hasania (~8% each) while lower
representation was reported for other groups Figure (4-5). A high significant
association between affected tribes and disease frequency at states (P = 0.000) (Table
2) was reported. Patient's Sudanese tribes included in study pointed out in table (3).

4.2 Characteristics of cases and controls:
4.2.1 Hematological examination results:

The analysis of complete blood count of the group of cases and controls revealed

that the mean of some complete blood count parameters of ALL patients (HB=10+1

g/dl, RBC=4+1x10%ul, HCT=34+1%, PLT =269+125x10°%L) was significantly

lower ( P=0.00) than that in controls (HB=12+1g/dl, RBC=5+5.2 x10%ul, HCT
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=36+3%, PLT=353+8x10%L) and the mean of the other parameters (WBC= 19+51
x10*/ul, MCV =84+12fl, MCH=28+2pg, Blast=8+21%) was significantly higher (
P=0.00) than that in control (WBC= 7.6+2x10° /ul, MCV=81 +3fl, MCH=27+1pg,
Blast=0.00%) as seen in Table (4).

4.3. Molecular results:
4.3.1 GSTM1 and GSTT1 polymorphisms:

Multiplex PCR of GSTM1, GSTT1 and R-globin as positive control showed the
expected band sizes and patterns figure (4-6).Subjects with GSTM1 null genotype
were significantly higher (P=0.03) in the cases group (78; 52 %) compared to controls
(52; 40%).The risk of ALL was almost doubled among patients with GSTM1 null
genotype (OR=1.72, 95% CI=1.1-2.7, P=0.03) (Table 5). On the other hand, the
differences in the distribution of GSTT1null genotypes among cases and controls
(35% and 30%, respectively) was found to be not significant (P=0.44) (OR=1.23.,
95% CI1=0.74-2.0, P=0.44) (Table 5). Double null (21%) of GSTT1land Mlamong
cases (Table 6).

4.3.2 GSTP1 polymorphisms:

PCR of GSTP1 showed the expected band sizes and patterns (Figure 4-7)The
distribution of theGSTP1 genotypes (AA, AG and GG genotypes; 34.7%, 44% and
21.3%vs 66.1%, 25.4% and 8.5% for cases and controls, respectively) was
significantly different between patients and controls (P=0.000). AG, GG and AG+GG
genotypes increased the risk of ALL by more than three times (OR=3.308, 95%
Cl1=1.925-5.685, P=0.000; adjusted OR= 4.811, 95% CIl= 2. 23-10.3, P=0. 00;
adjusted OR= 3. 684, 95% Cl= 2.24-6. 043, P=0.000, respectively) compared to the
AA genotype. No significant association between age groups and GSTP1 genotypes.
Allele frequencies were A =170 (56.6%) cases and 205(78.8%) controls, G=130
(43.3%) cases and 55 (21.1%) controls with (P= 0.001, OR=0.557, C1=0.387-0.801).
Figure (4-8) shows similar multiple alignments for GSTP1 patient sequence (11 cases)
with reference databases sequence using BioEdit. Bioinformatics analysis of GSTP1
the Isoleucine amino acid converted to valine at codon 105 using Chimera (1.8)

Figure 4-9.
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4.3.3. Regression Test:

The binary regression for risk factors for GSTpl, WBCs and HB (P= 0.000,
OR=0.51, 95% CI =0,323-0.817, P=0.01, OR= 1.0, 95% CI= 1.0-1.10, P=0.00, OR=
2.4, 95% Cl=1.86-3.86, respectively) is illustrated in Table 7.

4.3.4. NAT2 polymorphisms (rs 1799930, rs1208, rs1801279 and rs1799929):

Tag G590A (rs1799930). The distribution of the NAT2 genotypes (GG, AG and AA
genotypes; 32%, 42% and 26% vs 46.4%, 38.1% and 15.5% for cases and controls,
respectively) was significantly different between two groups (P=0.01). AA and
AA+AG genotypes increased the risk of ALL by more than two times (OR =2.43,
95% Cl=1.14 -4.70, P=0.01 and OR=1.83, 95% CI=1.02- 3.22, P=0.03respectively)
compared to the GG genotype. Alleles frequency A =94 (47%) cases and 76 (34.5%)
controls, G =106 (53%) cases and 142 (64.5%) controls with OR= 1.77, 95% CI=1.2-
2.64, P=00. Gel electrophoresis pattern of Tag viewed in Figure (4-10). The Dde
AB803G (rs1208) genotypes (AA, AG and GG) were also significantly different
between cases and controls (31%, 37% and 32% vs. 41.8%, 40% and 18.2% for cases
and controls, respectively). The GG genotype significantly increased the risk of ALL
by more than two times (OR=2.37, 95% CI1=1.15-4.88, P=0.02). Alleles frequencies A
=99(49.5%) cases and 136(61.8%) controls, G =101(50.5%) cases and 84(38.2%)
controls. OR=1.16, 95% CI =0.77-1.74, P=0.01.The Gel electrophoresis patterns of
Dde are viewed in figure (4-10).

Regarding the BamH1G857A (rs1801279) genotypes (GG,AG and AA), the reported
frequencies were 22%, 31% and 47% vs. 37.3%, 32.7% and 30% for cases and
controls, respectively with significant difference between the two groups (P=0.00).
Collectively, the AA and AA+AG genotypes increased the risk of ALL by more than
two times (OR=2.65, 95% Cl=1.34-5.23, P=0.00 and OR=2.107 95% CI=1.15 -3.88
P=0.01 respectively) compared to the GG genotype. Alleles frequency A =125
(62.5%) cases and 102 (46.4%) controls, G =75(37.5%) cases and 118(53.6%)
controls, OR1.9, 95% ClI= 1.3-2.84, P=0.00. Gel electrophoresis patterns of BamH1
digestion are viewed in figure (4-11).

The genotype frequencies for the Kpn1C481T (rs1799929) SNP were 25%, 45% and
30% vs.31.8%, 44.6% and 23.6% for the CC, TC and TT genotypes in cases and
controls, respectively; The TT and TC genotypes increased the risk of ALL by more
than one time (OR=1.6, 95% CI=0.77-5.53, P=0.19) compared to the CC genotype)
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but did not reach significance (P=0.45). Alleles frequencies T =113(56.5%) cases and
96(43.6%) controls, C =87(43.5%) cases and 124 (56.4%) controls, OR=1.67, 95%
Cl=1.14-2.46, P=0.01.Digestion pattern of the Kpn1C481T SNP are viewed in Figure
(14). The logistic regression models (controlled for age and gender) revealed that the
additive genetic models of NAT2 SNPs Tag G590A (rs1799930) (OR=1.45,
Cl1=0.995-2.136, P=0.05) and BamH1G857A (rs1801279) (OR=1.48 Cl=1.048-2.106,
P=0.02) were significantly associated with ALL (Table 9).

Multiple alignments for NAT2 (547bp) patient sequence forward sequence of the
studied ALL patients show heterozygote nucleotide at position 92 (TC) Figure 15,
also. For (NO 80-115) and control sequence (NO 121 and 122) with reference
databases sequence using BioEdit Sequence shows change of wild type nucleotide
(C) to mutant (T) for KpnlC481T(rs1799929) SNP (Figure 16), and wild type
nucleotide (G) to mutant (A) for Tag G590A (rs1799930) and BamH1G857A (rs180
1279) Figure(4-15).

4.4. NAT2 Bioinformatics results:

The rs1799930 (R197Q) and rs1801279 (R64W) SNPs are expressed as deleterious
(score=0.00), probably damaging (score=1.00) and decrease protein stability SNPs (rs
1799930 =-1.26DDG and rs1801279= -0.05 DDG) with Sift, PolyPhen-2 and I-

Mutant 3.0 respectively. And their three-dimensional structure of proteins changed by

ProjecHOPE homology modeling server, from arginine (R) to glutamine (Q) at
position 197 (rs1799930) (figure 4-16). And arginine (R) to tryptophan at 64 (rs180
1279) by Chimera_(Figure 4-17).
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Figure 4-2: A map of states of Sudan, showing the distribution of ALL
cases attended Khartoum Oncology Hospital during 2015-2017.

Table 4-2: Demographic data and ALL -subtype distribution
in the study population.

Gender:

Male: Count (%) 568(63.8%) 0.000
Female: Count (%) 322(36.2%)

Age:

1-< one year; Count (%) 19 (2.1%) 0.000
2-(1-6 year) ;count (%) 273(30.7%)

3-(7-18 year) ;count (% ) 328(36.9%)

4-> 18year; count (% ) 270(30.3%)

Tribe:

1-Afro-Asiatic count(%) 641 (72%) 0.000
2-Nilo-Saharan count(% ) 156(17.5%)

3- Niger-Kordofanin Count(% ) 93(10.4%)
Immunophenotypes:

B-ALL 668(75.1%) 0.000
T-ALL 222(24.9%)
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Figure 4-3: The numbers of ALL patients distributed according to age
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Figure 4-4: The number of ALL patients distributed according to gender.
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Figure 4-5: Relative frequencies of ALL of Afro-Asiatic Sudanese ethnic

groups.

Table 4-3: Linguistic Classification of Sudanese ethnic groups included in this

study.

Afro-Asiatic

Nilo-Saharan

Niger
Kordofanian

-Beja:(Hadendowa,Beni-Amer and Rashaida)

-Baggara:(Rizeigat, Meseria, BeniHelba, Haba
niya, Ta isha, Kinanah, Beni-Hessane)

- Gaalien, Hasania, Kawahla, Rufa'a, Batahin,
Rekabia, Ashraf, Shukria, Shekhb, Halaween,
Arkeen, Lahawin,Awamra,Shorab, Shaigiya,
Robatab, Ababda, Bederia, Mnasir, Kababish,

Ahamda, Mganeen, Hawawir, Hamr,Dar-
Hamed, Bisharin, Benimora  Shnabla,
Hawazma, Goasma, Zeiyadiya, Gmoaia,

Gawamaa, Geema, Gaafra and Beni-grar.

Nubian:(Mahas, Dnagla,
Halfaw-ieenand Nuba)

Fur, Tama, DajuFunj,
Gumuz, Gemar Berta,
Berti, Tunjur, Zaghawa
and Masalit.

Fulani:

(Falata,Hausa
and Brno)

Goraan, Borgo
(Selehab) and
Nuba
Mountains.
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Table 4-4: Hematological parameters between ALL Sudanese patients and

healthy control group and correlation with GSTM1 and T1 genes.

Variable | WBC RBC |HBg/dl [ HCT% | MCV/fl | MCH |LYM |PLTx | Blast%
x10*/pl | x10%pl Ipg % 10°/L

Case:

Mean+Sd | 19+51 4+1 1041 | 34+1 | 84+12 | 28+2 | 54+17 |269+125 | 8+21

Control: 8+2 5+5 1241 | 36+3 8143 | 27+#1 | 39+9 | 353+8 | 00+0

MeanzSd

P value 0.00 0.00 000 | 003 000 | 0.00 | 0.0 0.00 0.00

GSTM1:

,'il"lfﬁ‘”iSd 20+4 | 37+06 | 104+1 | 34+9 | 85+11 | 282 | 54+18 | 275+18 | 9+22

Present 1946 | 3.7+ 0.6 | 10.3+2 | 35412 | 84+14 | 29+3 | 54+16 | 264+13 | 7+19

P.Value 0.84 0.62 082 | 064 059 | 0.07 | 060 0.28 0.42

GSTTL:

mfﬁ” £5d | gi14 4+1 1042 | 35412 | 84+14 | 29+3 | 54+16 |278+123 | 4+16

Dresent 26462 | 3.7.41 |10.3+2 | 34+11 | 84+12 | 28+2 | 54+18 | 265+127 | 10+23

P.Value 0.04 096 | 062 | 066 083 | 019 | 052 096 | 081

Independent t —test and mean+SD.
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Figure 4-6: Analysis of GSTM1, T1 and P1 polymorphisms by multiplex PCR.
Lanel: DNA molecular weight standard; Lanes 2, 5 and 11: GSTT1 (480 bp) and
GSTM1 (219bp) homozygous present; Lanes 3 and 6 GSTT1 and GSTM1 double
Null genotypes (homo zygous deletion, only the B-globin product (268 bp) is
detected). Lane 7 and10 shows an individual with GST M1 but GSTT1 is Null. In
lane 4and 9, GSTML1 is Null, while a GSTT1is present

Table 4-5: GSTM1, GSTP1 (rs1695-Exon5), GSTT1 genotypes among acute

lymphocytic Leukaemia patients and controls.

Genotype Cases Controls | Odd Ratio 95% ClI P.Value
[n(%0)] [n(%0)] Lower-Upper
GSTP1(rs1695)
AA | 52(34.7) 86(61.1) Rf
AG 66 (44) 33 (25.4) 3.308 1.925-5.685 0.000
GG | 32(21.3) 11(8.5) 4.811 2.23-10.3 0.000
AG+GG | 98(65.5) 44(33.9) 3.684 2.24-6.043 0.000
GSTM1:
GSTM1-Present 72(48) 78(60) 1.72 1.1-2.7 0.03
Null 78(52) 52(40)
GSTT1:
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GSTT1-Present |  98(65) 91(70) 1.23 0.74 -2.0 0.44
Null | 52(35) 39(30)
Total | 150(53.6) | 130( 46.4)

AA: Normal homozygote lle/lle; AG; Heterozygote lle/Val; GG: Mutant homozygote
Val/Val .Chi-square

Table 4 -6: Association between GSTT1land GSTM1within the
studied ALL patients.

GSTM1 Total
Null Present
GSTT1:
Null count 21 31 52
%of total 14% 20.7% 34.7%
57 41 98
Present Count 0 0 0
%of Total 38% 27.3% 65.3%
Total Count 78 72 150
%of Total 52% 48% 100%

Table 4-7: Binary Regression for Risk Factors of ALL among
the studied patients.

Variable | Significance Level | Exp 95% ClI
Lower-Upper

GSTT1 0.33 0.70 0.35-1.43

GSTM1 0.37 0.74 0.383-1.43

GSTP1 0.00 0.51 0.323-0.817

WBC 0.01 1.0 1.0-1.10

Hb 0.00 24 1.86- 3.86
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500bp mp>

Figure 4-7: The PCR product of GSTP1 (176bp) digested with BsmAl enzyme
cleaved to yield two fragments of 91 bp and 85bp sizes. Lanel: DNA molecular
weight standard (100 bp), Lane: 2, 4, 5, 6, 8 &10: homozygous Wild type
(ile105/ile 105); Lanes: 3 and 7 Heterozygous (ilel05 / val 105). Lane: 9
homozygous mutant (val 105 /val 105)

= |Tl'l'l'|TT|'|'|TTTl’ITTTTITTTTI|'|'|'T||'|'|'|'|T|'|'|'|TT|'|'ITTTI’II’TTTI""TT'I’I’I’T'T
- ||eE40 66350 6660 6670 6680 6650 6700
Ref CCRACTATGETGAGCATCTGCACCAGEGTTGGGCACTGEGGGECTGAACARLGRALGGGGECTTCTTGTS
CCARCTATGTGAGCATCTGCACCAGGETTGEGCACTGEEGGCTGARCRARAGARRGGGGCTTCTTGTG
CCARCTATGETGAGCATCTGCACCAGEGETTGEGCACTEEEGGCTGARCARAGRAARGGGGCTTCTTGTG
CCARCTATGTGAGCATCTGCACCAGGETTGEGCACTGEEGECTGRARCARAGRRRGGEGEGECTTCTITGTG
CCARCTATGTGAGCATCTGCACCAGGETTGEGCACTGEEGGCTGARCRARAGARRGGGGCTTCTTGTG
CCAACTATETGAGCATCTGCACCAGEETTGEGECACTGEEGECTGAACRRAGAARGGEGEECTTCTTGTG
CCARCTATGTGAGCATCTGCACCAGGETTGEGCACTGEEGECTGRARCARAGRRRGGEGEGECTTCTITGTG
CCARCTATGTGAGCATCTGCACCAGGETTGEGCACTGEEGGCTGARCRARAGARRGGGGCTTCTTGTG
CCAACTATETGAGCATCTGCACCAGEETTGEGECACTGEEGECTGAACRRAGAARGGEGEECTTCTTGTG
CCRRCTATGTGAGCATCTGCACCAGGETTGEGECACTGEEGECTGRARCARAGRARRAGGEGEGECTTCTTGTG
0 CCRACTATGTGRGCATCTGCACCAGGETTGGGCACTEGGEGGCTGRARCARAGRARGGGGCTTCTTGTG
1 CCARACTATGTGRGCATCTGCACCAGEETTGEECACTEEEEECTGARACARAGAARGEGEGECTTCTTGTG

i A e I W Y S TU S

Figure 4-8: BioEdit multiple sequence alignment showed similarity of GSTP1

Sudanese cases with ALL when compared with reference sequence

y d Y / Valine-105 mutast
holeccine-105 wild
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Figure 4-9: Bioinformatic analysis of GSTP1 the isoleucine amino acid
converted to valine at codon 105 using Chimera 1.8.

Table 4- 8: NAT2 genotypes in healthy controls and Sudanese's ALL patients.

Genotype Cases Controls Odd 95% ClI P.Value
[n(%0)] [n (%0)] Ratio | Lower-Upper
Tag ( G590A) :
GG 32(32) 51(46.4) Rf
AG 42(42) 42(38.1) 1.69 0.86 -2.94 0.13
AA 26(26) 17 (15.5) 243 | 1.14-4.70 0.01
AA+AG 68(68) 59(53.6) 1.83 | 1.024-3.22 0.03
Dde (A803G) :
AA 31(31) 46(41.8) Rf
AG 37(37) 44(40) 1.24 | 0.664-2.34 0.5
GG 32(32) 20(18.2) 2.374 1.15-4.88 0.02
AG+GG 69(69) 64(58.2) 1.60 0.906 —2.82 0.11
BamH1(G857A):
GG 22(22) 41(37.3) Rf
AG 31(31) 36(32.7) 1.60 0.79- 3.20 0.2
AA 47(47) 33 (30) 2.65 1.34-5.25 0.00
AG+AA 78(78) 69(62.7) 2.107 1.14- 3.88 0.01
Kpn(C481T):
cC 25(25) 35(31.8) Rf
TC 45(45) 49(44.6) 1.28 0.66 -2.47 0.45
TT 30(30) 26(23.6) 1.61 0.77 -3.36 0.19
Total 100(52.4)) | 110(47.6)

Rf (reference)

Table 4-9: Association of NAT2polymorphisms with acute lymphoblastic
Leukaemia among Sudanese’s patients

Variable Significance Exp 95% ClI
Level Lower-Upper
Dde A803G (rs1208) 0.07 072 0.501-1.0 38
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Tag G590A (rs1799930) 005 145 0. 995-2. 136

BamH1G857A(rs1801279) 0.02 1.48 1.048 -2. 106

Kpnl1C481T (rs1799929) 0.28 1.23 0.839-1.817

500bp
392bp

222bp

170bp
155bp

50bp

Figure 4-10: Tag G590A (rs1799930) digested PCR products of the amplified
NAT?2 region (547 bp) analyzed on 3% agarose. Lanel: DNA molecular weight
standard (50bp), lane 2 is homozygote mutant (392 and155), lane 3 heterozygote
(392,222,170 and 155bp) and lane 4 homozygote wild type (222, 170 and 155bp
respectively). And Dde A803G (rs1208) digestion on lanes 5 is homozygote wild
type (345 and 137bp), lane 6 and 8 are heterozygote (345,137 and 114bp) and
lane 7 is homozygote mutant (345 and 114bp)
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547bp
488bp

500bp

250b

Figure 4-11: BamH1G857A (rs1801279) digestion of PCR product of the
amplified NAT2 region analyzed on 3% agarose. Lane 1: DNA molecular weight
standard (50bp), lane 2 and 3 are homozygote mutant (547bp), Lane 4 is
homozygote wild type (488bp), and Lane5 and 6 are Heterozygote (547 and
488bp)
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Figure 4-12:Kpnl1C481T SNP (rs1799929) digestion of the NAT2 PCR product
(547bp) analyzed of on 3% agarose. Lane 1: DNA molecular weight standard
(50bp), lane 2, 3, 4 and 5 are heterozygote (547, 433and 114bp), Lane 6 is
homozygote wild type (433and 114bp) and Lane7 and 8 are homozygote mutant
(547bp).

TGACAGAAGAGAGAGGAATCTGGTACCTGGACCAAATCAGG AG AG
Tl &l g0 100 11

b

Figure 4-13: Sequences chromatogram viewed by Finch TV program, which
showed heterozygosity (CT) in NAT2 at position 92.

gt TrTirTrrr Ty e e
- 14240 14250
NATZRef SecEB2TCTGGTACCTGGACCRAALTCAGC
seqg 80Ef 0 |- s e e e e e e e e e s e
seq 81f @ |-+ ---a--- e e e e
seqg 82Ff =0 s e e e e e e e et e e e s ... ...
seq 84f 9 |-+ +--ea--- s L o e e L pE et
seg 8S5Sf @« @0 |-+ ------ B e et e e i
segq 86Ef @ |-+ --a--- e e e e
Sseq 89EF 3= 0= s e s s e e e e e e e s ... -
seqg SOE = |s e e e e et e e e e e
seqg 92£f @00 |- s ---- .- LR R S I e
seq 9S3f @ 0 |-s--ea--.- Y i e e el RS SRR e e
seq 95f 90 |-+ e-e---- ;SR S S e
seq S96f = @ |-+ -+ ---- R e e e e e a e ie
seqg STE 00 |- e e e et e e e e e s ..
seqg 100f |-+ c=-ce--- e s e cceceaneaead
seq 103E£f = |- s s s e e e eeeee e ... -
seq 107£f |-+ c=ec---.- B e S isie b el aie e o
seqg L1I3E = |- e s s e e e e e e e e e e e
seq 11SEf  |-sccec=--- e s e cccceaneaead
seq 121f = |-« e e B i mimeie e e e e

Figure 4-14: Multiple alignments for (NAT2547bp) Sudanese patient sequence
forward (NO 80-100) and Sudanese control sequence(NO 103 and 121)with
reference databases sequence using BioEdit Sequence ,show change of wild type
(C) to mutant nucleotide (T) for KpnlC481T (rs1799929) SNP at position 14241

in figure.
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Figure 4-15: Multiple alignments for (NAT2547bp) patient sequence forward
(NO 80-100) and control sequence (NO 103 -121) with reference databases
sequence using BioEdit Sequence, show change of wild type (G) to mutant
nucleotide (A) for Tag G590A (rs1799930)and BamH1 G857A (rs1801279) for

cases sequences and no change to control sequences at position 143450 in figure.

wild type(Arginin)

rs1799930 (R197Q) Mutant (Glutamine )

Figure 4-16. HOPE Modeling of the 3D structure of the NAT2 protein with

selected SNPs. The protein (grey color) residues changed from wild type (green

color) to mutant (red color).
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Figure 4-17: Chimera modelling of the native Arginine amino acid(R)
substitution for a Tryptophan(W) at codon 64(rs1801279).

Chapter five
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Discussion, Conclusions and
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Chapter five

5.1. Discusion:

Childhood Leukaemia is a widespread cancer in pediatric age that differs from adult
cancers in its nature. The disease is one of the biggest challenges regarding worldwide
mortality and morbidity, and shows considerable variation in disease incidence across
geographical regions (Al-absi et al., 2017, Zheng et al., 2017).The incidence of
malignancy has significantly risen recently in Sudan (Ahmed et al., 2014). This study
showed that ALL is prevalent in younger age groups with a striking predominance of
males when compared to females. In accordance with previous studies (Balta et al.,
2003, Entezari et al., 2017, Saini et al., Errahhali et al., 2016), this difference
(2:1female: male ratio) was the strongest among children age groups. There was a
female occurrence among very young children until ~17 year and demonstrated zero
rate above those years. This variation was strongest between children 6-10 years of
age and younger. The feature rate peaks in the 1-10 year age group reproduced more
than a 2-fold difference, which was not visible after 20years of age. And this result is
partially in agreement with Ibrahim et al., 2017, in Sudanese patients with T-ALL (6-
16 years: 58%).

Among the children groups (group two and three), an early peak betweenl-18year is
observed un resembling age distribution of ALL in developing countries where a very
marked early peak between 1-12 years (Saleh et al., 2017) has been observed.
Interestingly, the majority of ALL cases occurred in individuals under the age of 20
years which is the most common malignancy in this age group (except in Africa and
the Middle East) (Estey et al.,, 2014). The reported older ages herein are in
concordance to another study in India where ALL age was most common at 6-14
years age old (Saini et al., Jain et al., 2017). Age-specific rates progressively decrease
within the less than one-year age group (2.2%) infant. Infant age group is considered
of poor prognosis, representing exclusive challenges to pediatric oncologists, because
treatment can harmfully affect the children's growth, and can cause secondary
malignancies. The risk then declines slowly until the mid-20s, and begins to rise again
slowly after age 50 years. History of cancer was observed in about ~1% from cases in
first relationship and about more than 60% of children the intake of specific types of
nutrition (Soda water, falafel markets and sheep's) was documented. Markers

expressed on cell-surface and cytoplasm grouped lymphoid lineage cell into B-cell
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(80%) or T-cell (20%) subgroups that are suggestive to normal stages of lymphoid
maturation (Estey et al., 2014). Parallel to that, in the current study B-cell was the
most common phenotype (75%). Also the distribution of phenotypes among age
groups is going with the theory denoting that T-ALL cell has the lowest percentages
in ages lower than seven year and slightly increases in older ages. The morphologic
recognition of lymphoblasts in the blood and bone marrow and their phenotypic
characterization are of major importance to the correct diagnosis and classification of
ALL. The current study denoted that these abnormal cells are arrested in all the new
cases with significantly raised counts and lymphoblast (P =0.00 of both), however,
some cases showed normal cells with features of leucopenia or thrompocytopenia,
because they are under medication program. Also, variable degrees of anemia with
low levels of HB and HCT were observed in all most cases, although the MCV and
MHC appearance as normal, this may be due to folate drug intake by patients. In the
current study.

Numerous molecular studies have attempted the establishment of significant
information concerning the relationship of GSTM1, GSTT1 and GSP1 with cancer
susceptibility. The mu and theta classes of GST isozymes have a common and broad
range of substrate specificities, and they detoxify the reactive metabolites of
exzenoboitic substances (Khabaz et al., 2016, Kaur, 2019). In the present study, the
frequently highlighted genetic modifier polymorphisms of cancer risk GSTM1, GSTT1
and GSTP1 were screened among Sudanese ALL patients and matched controls. The
study indicated that GSTML1 is significantly more deleted among ALL Sudanese cases
with slightly higher rate of individuals carrying double deletion for M1 and T1 in
cases rather than control. The risk conferred to individuals who carry homozygous
deletions in GSTML1 appears to be high. These deletion variants are very helpful in
epidemiological studies of cancer since they separate individuals into two distinct
susceptibility groups: those who are able to detoxify possible carcinogens through
metabolic pathways controlled by GSTM1 and GSTT1 genes and those who have lost
that particular component of the detoxification strategies (Elhoseiny et al., 2014). In
fact, the frequencies of homozygous GSTM1 and GSTT1 deletions carriers are
extremely high (20%-50%) in the majority of studied populations to date (Uddin et
al., 2014, Yang et al., 2013, Ada et al., 2012). GSTM1 and possibly, GSTT1 were
thought to be concerned in the cancer at more than one site (Yang et al., 2013).

Although, the risk conferred to individuals who express homozygous deletions in
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GSTM1 or GSTT1 seems to be very small, the degree of risk is increased when
possible interactions of GSTM1 and/or GSTT1 with other factors are considered
(Elhoseiny et al., 2014). While carriers of homozygous deletion in GSTM1 and
GSTT1 genes are expected to lose enzyme activity (Ramzy et al., 2011) and thus
predisposed to cancer, in a small number of investigations, it was also observed that
GSTM1 null genotypes showed to play a protective role for cancer (Yadav et al.,
2010). The GSTM1 null genotype rates varied from moderately to high rates in
European and in Asians (38% to 67% and (33% to 63%, respectively) to lower rates
in African and African-Americans populations (22% to 35%) (Klautau-Guimardes et
al., 2005). On the other hand, GSTP1, the most existing isoform in the Leukaemia and
Is also concerned with response to oxidative stress (Senthilkumar and Thirumurugan,
2012) lle105Val (rs1695) in P1 gene effects cytological toxicity and adapts the risk to
work-related diseases. Apart from this, cancer and neuropathy, have been registered in
people with this missense mutation (Basharat and Yasmin, 2017). Was reported to be
higher in populations with African origin (42%) and lower in Asian and European
origin populations (Balta et al., 2003, Zheng et al., 2017). In the current study,
incidence of the mutant genotypes (ILe/Val and Val/Val) was significantly higher in
ALL patients compared to controls, with fourfold increased risk of ALL. Most of
these patients had an origin related to Khartoum and Darfur states; the states reporting
the highest frequencies of ALL cases in Sudan.

Interestingly, this mutation affects cytological toxicity and adapts the risk to work-
related diseases, cancer, neuropathy, NOx, SOx respiratory asthma, allergy etc.
(Basharat and Yasmin, 2017). The fact that the polymorphic site at codon 105 is the
active site for the catalytic property of GSTPlenzyme, might explain the wide range
of possible expression alterations and sports its core role in xenobiotic Metabolism. It
was also reported that heterozygote type lle/Val was increased in a group of patients
lower than 20 years when compared to patients at older age groups in CML patients
(Elhoseiny et al., 2014).Applying the same assumption in our ALL patients indicated
that the heterozygous type was lower in childhood group compared to adulthood
patients. Authors suggested that the occurrence of valine allele confers elevated risk to
ALL at later ages. The results of insilico analysis differ from wet lab, duo to the
substitution of ‘Ile’ to ‘Val’ given a benign amino acid character, when using Sift
software and then named as tolerated SNP, this variation depend on ethnic population.

SNPs mutations of the NAT2 gene had been descried to be an important risk factor of
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various cancers (ALL, bladder, colon, head and neck, lung, breast...etc.), due to low
or no NAT2 activity. The results vary widely and are often discordant likely because
of ethnic and geographic differences of the enrolled subjects (Buffler et al., 2005,
Zheng et al.,, 2017, Hein and Doll, 2012, Di Pietro et al., 2012, Mittal et al.,
2004).The consecutive study of the NAT2 gene, has showed wide allelic diversity and
inter-ethnic variation, which is reflected in the different types of acetylators present in
the analyzed population (Isis Arias et al.,2014). A number of studies have tried to set
up relations between polymorphic expression of GSTs classes and ALL risk in
different ethnic populations (Zheng et al., 2017, Hunger and Mullighan, 2015,
Chiaretti et al., 2014). Several wet lab studies highlighted the role of a number of the
NAT2 SNPs in carcinogenesis, some of them reported as slow acetylator phenotype
leads to decrease the stability of protein Tag G590A (rs1799930), BamH1 G857A
(rs1801279), Dde A803G (rs1208), the Kpnl C481T (rs1799929) as silent and other
SNPs diagnostic as fast acetylator phenotype (Santos et al., 2016, Zupa et al., 2009,
Hein and Doll, 2012, Hein et al., 2000).

The main findings in our study, three of these SNPs (rs179 9930, rs1801279 and
rs1208), were revealed to be significant in Sudanese patients with ALL (P=0.00), the
strongest associations were with rs1799930 and rs1801279 and these genetic effects
seem to be additive (P=0.05 and 0.02). While no significant differences were reported
for the for the SNP (rs1799929) between case and controls in the different genotypes
of Sudanese ALL patients, suggesting absence of possible effects on protein synthesis
and supporting the reported data regarding that last SNP. Both homozygote and
heterozygote genotypes of the Tag G590A and the BamH1 G857A SNPs were
suggested to be associated with ALL etiology in. While only the homozygous state
(GG) of the Dde A803G SNP reached the level of significance in the association
analysis (P=0.02). The detected NAT2 inconsistency in the allelic frequency, can be
related to carcinogens is via changes in the metabolic rate after contact to carcinogens
(Adole et al., 2016). The allele frequencies of A (G590A) and G (A803G) have two
times associated difference compared to one time in the case of A (G857A) with ALL
Sudanese's patient. The molecular homology modeling bioinformatics methods,
including SNP locations and docking application, have enhanced the knowledge of
the NAT2 protein structure -function association (Abodlaa et al., 2019, Alabid et al.,
2016). In this is study, a computational examination of the NAT2 SNPs using various

publicly available softwares and databases was conducted to understand their possible
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influence on the protein structure and function. Of these, two SNPs (rs1801279
(R64Q) and rs1799930 (R197Q)) were revealed to be deleterious, probably damaging
and could decrease the stability of protein according to Sift, polyPhen-2 and the I-
Mutant 3.0 softwares respectively. While the two other SNPs (rs1799929 and rs1208)
were predicted as synonymous, tolerated and benign effects by three softwares (i.e.
they do not alter the phenotype). These findings are generally in agreement with other
studies(Arias et al., 2014, Hein et al., 2000). Despite in silico predictions, the rs1208
SNP was found to be significantly associated with ALL in wet lab analysis. The
acetylator phenotype may be an outcome of other interacting genetic variations. Using
ProjecHOPE software, the mutated residue of the R64Q SNP (rs1801279) was
predicted to be smaller in size and neutral in charge when compare the positively
charged wild-type. This variation in charge could disturb the ionic interaction bonds
made by the native amino acid, while the size difference might lead to changes of the
position of the new residue in the protein, preventing the creation of the same
hydrogen bonds made by the original wild-type amino acid. Due to the difference in
size, the mutation will cause the formation of an empty area in the core of the protein.
The analysis revealed that the NAT2 gene is highly polymorphic and can contribute to
disease formation following changes in its amino acids. The results of this analysis
agree with several studies(Arias et al., 2014, Shepard et al., 2011). About 20% of
ALL children in developing countries either relapse or do not react to treatment
which might be concerning to the occurrence of polymorphisms having an effect on
the action of drug metabolizing enzymes and the response to medication (Basharat
and Yasmin, 2017).

Sudan is an African country with great cultural diversity; it is a complex process to
categorize the fixed cultures of the various people. These traditional societies have
different social and cultural characteristics and distributed across wide geographical
areas (DeSA' 2013). This variation is clearly evident in the number of tribes that had
been incorporated in the study. The Afro-Asiatic group was recorded as the heights
linguistic group (72%), with no correlation between this linguistic group and the NAT
genotypes, largely due to the high number of tribes in that cluster. This may be due to
the Arab tribes' presence, which is estimated at 70%, representing a major ethnic
affiliation of the Sudanese population. Other linguistic group include the Arabized

ethnic groups of Nubians, Zaghawa, and Copts (Greenberg and Kemmer, 1990,
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DeSA, 2013). Within this cluster, the Jaalin ethnic tribe becomes the most affected
tribe, followed by Baggara (9%) (This is a group of tribes including Rizeigat,
Meseria, Beni-Helba, Habaniya and Beni-Hessan). Kawahla and Hasania, living in the
same area (White Nile) represented 8%. According to the geographical distribution,
the central and Western Sudan states were associated with higher frequencies of ALL.
This might be expected as Afro-Asiatic groups (Jaalin, Baggara, Kawahla and
Hasania) were found to be the major inhibiting groups in those areas. Nilo-Saharan
group (the four tribes live in the East and, Mahas and Dnagla from North of Sudan)
are also of moderately high rates of ALL. Environmental and/or genetic factors are
likely to play important roles in such distribution patterns; however, this role is
rendered unclear due to the difficulties hampering disease etiology evaluation,
importantly, shortage of studies and weak registry system. Interestingly, Dobon et al
study showed shared ancestry with Afro-Asiatic and Nilo-Saharan Sudanese

populations highlighting possible common genetic factors (Dobon et al., 2015).

The high rate of ALL cases (28%) in Khartoum, the capital city, may be due to the
location of oncology services and health care centers. Also the recent increase of the
rate of migration to the capital might have contributed to the reported higher rates.
Likewise, whatever is the percentage of AL-Jazira state; it was mostly not the actual
number, because there is another oncology center there. Generally, incidence
fluctuates according to the different states of Sudan, and the association between the
distribution of ALL patients and the common ethnic groups in the states is significant.
Environmental exposure to carcinogens, genetic factors, or the life style adopted are
very important in disease etiology, but environmental factors involving viral infection
are more reliable in this childhood malignancy, as the rates of global infections of
these viruses reach almost 90% of the general population (Loutfy et al., 2017,
Mohamed et al., 2012). Several reports presented extensive data that highlight the
relation between childhood malignancy mainly ALL, and viral infection, particularly
herpes viruses (Cytomegalovirus and Epstein-Barr virus) (Alibek et al., 2013, Muhsin
et al., 2014, Sehgal et al., 2010). ALL has not been eventually related to chemical
contact, however, childhood ALL perhaps linked with maternal occupations related to
exposure to pesticides during pregnancy. This might be the most rational explanation
to the observed high frequencies of childhood category (1-6 year) occupying central

state, also the center of major agricultural activities in Sudan (Alnil-Alabid, Shmal-
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Kordofan and Algazera). Moreover, the high concordance between the geographic
distribution of the virus in Sudan (Elawad et al., 2016), and ALL patients across
Sudan states was observed. Kordofan and Darfur reported high rates after Khartoum
state. At the level of ethnic groups also the Baggara ethnic group, living in these
areas, was the second infected group after Ja alin. This, in turn, indicates that Sudan
might be experiencing a cancer outbreak, which carries many challenging characteri
stics especially those related to environmental risk factors. Thirty percent of cancers
in these countries are related to infection, and most cancer patients are young
(Awadelkarim et al., 2012). Infectious agents could play a role in the development of
childhood Leukaemia by the direct transforming ability of transforming viruses or by
abnormal immunological responses to congenital, neonatal, or post-neonatal
infections, which in turn promote secondary genetic or immunological alterations
(Loutfy et al., 2017). This would not only indicate childhood cancer epidemic, but

also would predict several infection associated cancers were on the rise.

45



5.2. Conclusion:

In conclusion, ALL has different features of mean age (6-10 years) and high incidence
of Philadelphia chromosome (4.3%) in Sudanese children. While, in keeping with
published literature, ALL shows a predominance of males, the B-phenotype frequency
rate (%75.5) and the variation in haematological parameters. Our result documented
clearly that GSTM1 deletion and GSTP1 genotype exhibits significant association
with the risk of developing ALL.

Our findings considered that the age-related ALL incidences are affecting the
adolescent patients compared with children and old age group, with a wide peak
occurring at 1-10years. The higher rate in male than female.The genetic effect of
polymorphism of GSTM1and P1 and NAT2 (Tag, Dde and BamH1) was reported in
Sudanese's population with ALL. The Western and Central Sudan recorded the
highest rates of ALL and most of ALL patients are from the Afro-Asiatic ethnic

group.
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5.3. Recommendations

v Increase the researches of more genetic and environmental factors which

related to leukemia in Sudan.

v' Use the huge data in database to determine the cancer etiology and
development of more effective biologically-based therapies and guide national
health screening strategies.
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Appendix (2)
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